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BIFOCALS FOR MYOPES 


It is an established fact that myopes have a lot 
of trouble becoming adjusted to bifocals. Hyper- 
opes usually have very little trouble, and people 
wearing cataract bifocals no trouble at all if the 
lenses are well designed and if the segments are 
properly placed, 


The reason that myopic bifocals are troublesome 
lies in the fact that through the segments, even of 
the best available bifocals, base down prism is 
encountered 


(Fig. 1) 


This base down prism makes objects appear far- 
ther away and higher than they really are. See 
figure 1. The myope, before bifocals fixed his line 
of vision through a point 8 mm. below the distance 
center, invariably tipped his head and looked 
through a point near the distance center, thus 
avoiding prismatic effect. The hyperope on the 
other hand is not troubled by the base up prism 
he encounters and has little or no difficulty with 
hifoeals. 


From the foregoing it would seem that if the base 
prism found in the segments of myopic bifocals 
could be neutralized, the problem would be solved 
We have found this to be true. We 

have also found that the only practical 

way to accomplish this neutralization 

is by “slabbing off” the proper amount 

from the bifocal segments. 

See figure 2. 


If we take a case requiring O.U.-6.00 ' 
with a + 2.00 add made up in a small Ly 
segment bifocal, we would “slab off” 
4.8 degrees of prism base up from 
hoth segments. (6.8=-4.8) that is, the 
distance correction through the 90th 
meridian times .8, the distance in cms. from dis- 
tance center to reading point, equals the amount 
of base down prism that must be neutralized 


(Fig. 2) 


\ case requiring O.D.-5.00 and O.S.-7.00 would 
have a 4 degree prism base up slab off on the 
right and a 5.6 degree prism base up slab off on 
the left lens. 


In this case, two things would have been ac- 
complished; the annoying base down prism would 
have been neutralized and the induced vertical 
imbalance corrected. 


“Uf it’s a lens problem, let's look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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By Alston Callahan, B.A., M.S., (Ophth.), M.D., 


Birmingham, Alabama. “The writing is clear and the 


operative techniques, laid out in numbered steps, are 
easy to follow, a task rendered much more simple 
by the abundance of admirably clear diagrammatic 
illustrations. No attempt is made to trace or analyze 
the literature, and descriptions of a multiplicity of 
techniques are not allowed to fog the issue, We have 


here the author’s own practice derived from his own 


experience; and his choice of techniques has been 
sound, He has had help from many of the best 
surgical opinions in America and beyond . . . the 
result is a volume of great value and a welcome addi- 
tion to our literature.”—British Journal of Ophthal- 
mology 


452 pages (8% x 11) 589 illustrations 
(19 in color) 


Cloth, $25.00 
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By Charles | Thomas, M.D., Associate Clinical Pro- 
fessor of Ophthalmology, Department of Surgery, 
Western Reserve University School of Medicine. 
“This is a monumental work and a very real contri- 
bution to ophthalmology. This book covers the embry- 
ology, anatomy, histology, physiology, pathology, and 
treatment of the cornea, but much of the information 
it contains must necessarily have been gleaned from 
many different sources. No one man, working for a 
whole lifetime on one subject, could possibly have 
had personal experience with all the phases of the 
subject which are expounded here, but the author 
has had the ability to bring existing knowledge to- 
gether and organize it into a readable unit. The il- 
lustrations are superb, and an excellent bibliography 
follows each chapter.”—Archives of Ophthalmology 
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late to the student. For a book of 400 pages and 
covering so vast a field, it is multum in parvo for any 
serious approach to the subject. The text is exceed- 
ingly fascinating for its charm of lore and explana- 
tion of a subject sometimes made arid by uninterest- 


ing presentation.”—Optical Journal-Review 
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pages in the First Edition; there are over 300 pages 
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produced.”-—Journal of Nervous and Mental Disease 


320 pages 166 illustrations (2 in color) 


Cloth, $8.50 


¢ SPRINGFIELD ¢ ILLINOIS 


| 
= 


Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the Chief 
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Patients upgraded to Orthogon D are delighted § Range of focus is up to 6 inches greater than 
with the new, extended reading range they _—_ with old flint Kryptoks of equal power; “rain- 
acquire; the clear, color-free imagery. bows” are gone. 


Secret lies in the exclusive Bausch & Lomb Orthogon D isa typical example of the BETTER 
Nokrome crown and barium glass formulae. | VISION | BETTER VALUE inherent in ophthalmic 
Segment is almost invisible. lenses by Bausch & Lomb. 
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THE MAJOR SYNOPTOPHORE 
* Entirely Flow Major Aumblyoscope 


It is with great pleasure that we announce the introduction of an 
entirely new Major Amblyoscope, which we have named the MAJOR 
SYNO OPHORE in order to perpetuate a name so long associated 
with this house. 


The Major Synoptophore is the result of several years of re- 
search into the needs of the Orthoptic Technician. We are grateful 
to the very many Orthoptists, in the United Kingdom, the United 
States of America, the Continent of Europe and indeed in all parts 


of the world, who have cooperated with us and made this instrument 
a possibility. 


A comprehensive leaflet is now in the course of production and 
we shall be pleased to mail this to enquirers. Meanwhile, however, 


we summarise a few of the inovations of this first class, up to date 
strabismus apparatus :— 


A_MODERN DESIGN WHICH LOOKS AS GOOD AS IT FEELS TO OPERATE 
SUFFICIENT STRENGTH TO WITHSTAND THE GREAT AMOUNT OF USE 
TO _ WHICH IT WILL BE SUBJECTED 
INCORPORATION OF "AFTER-IMAGE" TEST 
INCORPORATION OF AUTOMATIC FLASHING UNIT 
HOUSING OF THE TRANSFORMER INSIDE THE INSTRUMENT 
MANY IMPROVEMENTS SUCH AS GREATER RANGE OF CHINREST HEIGHT, |.P.D. 
SCALE ON ORTHOPTIST'S SIDE, DUCTIONS SCALES IN DEGREES FOR EASIER 
MEASUREMENTS, LARGE BREATHSHIELD, SILENCE OF MOVEMENT, ETC. 


63 WIGMORE STREET LONDON W.1. ENGLAND 


We shall welcome the opportunity of quoting you and sending you all the details 
you require, both in respect of this instrument and any others of our large range 


of England ... 
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dacryocystorhinostomy 


double-armed ophthaimic ne@edle-sutures with 
Special MIC RO-POINT® needles designed 
in consultation with leadigg: ophthalmologists 
for use in particularly procedures, 
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In eleven colors (Blue Briar, Seal Briar, 
Charcoal Briar, Bronze, Mocha, Cordova, 
Golden Briar, Black Briar, Dusk Blue, 
Ebony and Briar Grey). 5” to 6%” 


PANEL 


In six colors (Ebony, Dusk Blue, 
Cranberry Red, Sienna, Golden-color 
and Silver-color). 

5” to 6” (Golden-color and 
Silver-color to 6%”) 
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In five colors (Ebony, Dusk Blue, 
Cranberry Red, Sienna and 
Golden-color). 5” to 6%” 


| 

———— < 
illi , 

A million refiSons w SWINGHIs 

>. 

| 

= 


It takes a stock of substantially over a 
million temples at the factory and our 21 
branches to give you the styles, sizes and 
colors you want with the service you need. 


7 SHURON OPTICAL COMPANY, INC. 
Geneva, N.Y., Rochester, N.Y. 


AZTEC RELAXO 


In 1/10 12K Coral or Ls 
White Gold filled. 5¥2” to 7” 


SLIPPER 


In thirteen colors (Cordova, Chestnut 
Amber, Mocha, Bronze, Golden Briar, 
Ebony, Dusk Blue, Grey Flannel, 

Seal Briar, Blue Briar, Charcoal Briar, 
Briar Grey and Black Briar). 5” to 6%” 
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AZTEC LIBRARY 


in 1/10 12K Coral or 
White Gold filled. 5” to 6%” 


‘4 
Vig / 
— 
~ 
| 
| 
om 
/ 
if. 
t 
— Z 
— 4 


ABC PRESCRIBE 


ASPHERIC LENSES* | 


Now Available for Patients with Low Visual Acuity : 
FIRST and ONLY ASPHERIC GLASS OPHTHALMIC LENSES 


Commercially Available 


© Eliminate Curvature of Field © Eliminate or Reduce Distortion 
@ Eliminate Marginal Astigmatism @ Reduce Chromatic Aberration 
Thinner « Lighter Weight 
Larger Field 
c 
I 
; Original experimentation by Dr. David Volk, Chief of the 
Reduced Vision Clinic, University Hospitals, Western Reserve I 
University, Cleveland, Ohio, has resulted in a revolutionary 
lens to enable reading for patients with greatly ¢ 
reduced vision. Lens powers range from 
15 to 100 diopters. Useful vision is achieved en § 
* AS EXHIBITED AT ‘ 
across the full range of the 40 mm. diameter. Tee secreon cos 


OPHTHALMOLOGY 
EXHIBIT, AMA 


AMERICAN BIFOCAL COMPANY 


EXCLUSIVE MANUFACTURERS OF VOLK CONOID LENSES 


\ 
FOREMOST PRODUCERS OF MULTI-FOCAL LENSES 


1440 ST. CLAIR AVENUE 
CLEVELAND 14, OHIO 
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The unique carbonic anhydrase inhibitor, DIAMOX, markedly reduces intraocular 
pressure in various types of glaucoma—acute congestive glaucomatous 
crisis, simple glaucoma not responsive to miotics, and some secondary glaucomas. 


preoperatively— where intraocular pressure is high and reduction is required 


postoperatively—for early restoration of the anterior chamber and maintenance 
of a formed area 


diagnostically— reduction of corneal edema permits greater visibility, 
easier examination of the eye 


Suggested DIAMOX dosage for most ophthalmologic conditions: 5 mg. per kg., 
every 6 hours day and night. In severe glaucomatous crises, the parenteral 
form provides quicker reduction of global pressure. 


Supplied: Scored tablets of 250 mg. Vials of 500 mg. for parenteral use. 


DIAMOX 


NON-MERCURIAL DIURETIC Acetazolamide Lederle 


t Leaterte LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY. PEARL RIVER. NEW YORK 
“Reg. U.S. Pat. 
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for eyes mistreated by 


NON-GREASY LUBRICATION 


heat - wind - smog - dust - glare 


rhinologic 

and sterile 
ophthainic 
specialities 


Alcom 


ALCON LABORATORIES. Inc. 


FORT WORTH. TEXAS 


Alcon products are readily available to 
pharmacies from their Service Wholesale 
Drug Suppliers in the U.S. and Canada. 
Export Dept.; 120 S. LaSalie St., Chicago 


FRIN 


STERILE OPHTHALMIC SOLUTION 


Methyiceliuliose 0.5% 
Phenylephrine 0.12% 
Alkaline, isotonic Solution 


— ISOPTO® FRIN is a sterile non-greasy 
lubricant and topical vasoconstrictor for 
use in “dry eye” irritation where infection 
is not present. It is an excellent tear 
substitute. 


ISOPTO® FRIN reduces redness, and 
provides prompt relief to those patients 
complaining vaguely of “scratchy or itchy 
eyes,” in the absence of any pathological 
condition. 


ISOPTO® PLAIN, a companion product, 
contains Methyliceliulose 0.5%, without 
Phenylephrine. 


SUPPLIED: ISOPTO® FRIN 
Orop-Tainer & 


ISOPTO® PLAIN 
Drop-Tainer® 
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Sterile Ophthalmic Suspension With Methylcellulose 


syn rapidly acting combination 
of Polym xin. B Sulfate (16.2 250 units /cc )—Hydrocortisone 
5% and) 5% )—and Neomycin Ifate (5mg/cc). 


cases bacterial and 


| economi ocortisone (0.5% and 


IMPROVED 
BONE SAW 


for the 
OPHTHALMOLOGIST 


... is an indispensable aid in performing dacryocystorhinostomies and the Kronlein 
operation. This efficient bone saw combines these latest refinements developed to 
best implement the surgeon's skill: 


LIGHT WEIGHT © MANEUVERABLE 
FEATURES of the © CONVENIENT TO HOLD «© ACCURATE 
STRYKER VERSATILE TIME SAVING 
BONE SAW 


SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


Illustrating use of the 
Trephine for dacry- 
ocystorhinostomies. 


Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


420 


Add 


City 


ORTHOPEDIC FRAME COMPANY 


KALAMAZOO, MICHIGAN 


0) Send me a brochure and reprint by Charles E. Iliff, M.D. 


PRICE: Ophthalmologist Unit Group 
No. 4 includes 3 blades and 2 tre- 


ALCOTT AVENUE 


Send me the Ophthalmologist Bone Saw on approval. 


Distributed in Conede by: Fisher & Burpe, Lid., Winnipes 
Eactusive Agent fer Export: Schueler & Co., 75 Cliff Sr, M. ¥. 
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to accommodate a variety of anterior and posterior eye disorders 


METICORTELONE 


prednisolone 


“the most effective corticosteroid available to the ophthalmologist today,”* prednisolone 
[METICORTELONE] provides anti-inflammatory action vital to the preservation of sight. 


in disorders of the anterior segment... METICORTELONE, alone or as an adjuvant to topical 
preparations, assures prompt remission of such acute conditions as acute iritis, iridocyclitis 
and vernal conjunctivitis. 


in disorders of the posterior segment...Uveitis and choroiditis respond well to 
METICORTELONE. This agent also acts to prevent further tissue damage by fibroblastic 
reactions incident to optic neuritis, retrobulbar neuritis and central serous retinopathy. 


METICORTELONE —1, 2.5, and 5 mg. buff-colored tablets. \ e a 
King, J. H., Jr.: Postgrad. Med. 21:157, 1957 
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Now awailable from Benson’s ... 


the new Univis 1.S./22 multifocal 
—the lens with the completely-identifiable segment 


* Distinctive shape of segment gives positive identification 
X Distinctive style protects you and your patients from imitation 
* UNivis quality design and manufacture assures maximum 


patient satisfaction 


CHECK THESE OUTSTANDING FEATURES OF THE J. $./22 LENS: 


¢ Straight top with rounded corners 
— for immediate identification , | 


* Optical center located 4mm. “**s, 


below the top of the segment “od, 
for minimum displacement of image 


¢ Barium crown segment assures 
freedom from annoying color 
aberration 


e Unsurpassed front surface quality 
¢ Corrected curves 
e Accurate segment power 


Of course... 
famous UNIVIS quality throughout! 


Dedicated to provide unexcelled B service to the ophthalmic professions for over 40 years 


euch Executive Offices * Minneapolis 2, Minn. 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 
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Intraocular Lesions Associated with Sickle-Cell Disease 


JOHN J. KENNEDY, M.D., and CLYDE B. COPE, M.D., Fort Howard, Md. 


Recurrent intraocular hemorrhage in 
young adults was first described by Eales, 
in 1880. He reported five cases in men 
between 14 and 29 years of age with 
recurrent hemorrhages in the retina adja- 
cent to the veins and in the vitreous. He 
thought that constipation and epistaxis were 
etiological factors. Since that time, numer- 
ous causes have been suggested for this 
condition and have included calcium de- 
ficiency with diminished parathyroid se- 
cretion,” thromboangiitis obliterans,* septic 
foci,* and tuberculosis.® 

In 1930 Cook ® discussed a patient with 
subarachnoid hemorrhage and _ sickle-cell 
anemia in whom a retinal hemorrhage was 
also noted. In 1952, Edington and Sarkies * 
reported two patients with sickle-cell anemia 
and retinal microaneurysms; one of these 
patients had a vitreous hemorrhage. In the 
year 1950, Henderson *® published 54 cases 
of sickle-cell anemia in which retinal hemor- 
rhage was a presenting sign or symptom. 
In 1937, Harden® reported two Negro 
children with sickle-cell anemia in whom 
he described dilation of the retinal vessels 
with marked venous tortuosity. Henry and 
Chapman ' examined 29 patients in 1954; 
19 were classified as having a sickle-cell 
trait and 10 as having sickle-cell anemia. 
Although these authors mention doing elec- 
trophoretic studies of the hemoglobin in a 

Received for publication Feb. 19, 1957. 

From the Departments of Ophthalmology (Dr. 
Kennedy) and Medicine (Dr. Cope), Veterans 
Administration Hospital. 


few patients, they did not derive aid or draw 
conclusions from them. Such studies are 
invaluable in distinguishing _ sickle-cell 
anemia (S-S hemoglobin) from sickle-cell 
hemoglobin C disease. Henry and Chapman 
stated that they did not find systemic dis- 
ease or foci of infection in nine patients 
with sickling and choroidal, retinal, or 
vitreous changes. They omitted mentioning 
whether two of the nine cases had either 
the trait or the anemia, These two patients 
had retinal hemorrhages in their left eyes. 
One also had several fluffy white patches 
in the temporal retina. Two others of the 
nine were said to have the trait. Of these 
two, one had a chorioretinal atrophy in one 
eye; the other had a filmy white mass fol- 
lowing the course of the inferior temporal 
vein. Some of these ocular findings could 
be the result of any anemia, and others 
could be caused by an active or old chorio- 
retinitis or periphlebitis, Of five patients 
with anemia reported by Henry and Chap- 
man, two presented only chorioretinal atro- 
phy; one had dilation and tortuosity of the 
retinal tree and retinitis proliferans, and 
two had vitreous hemorrhages and retinitis 
proliferans in common. One of the last two 
patients had retinal hemorrhages and white 
fibrous tissue covered by capillaries, and 
the other had chorioretinal atrophy besides 
those findings previously noted. In their 
extensive study of sickle-cell hemoglobin C 
disease, in 1953, Smith and Conley" re- 
ported three patients with intraocular hemor- 
rhages. One of these also had aneurysmal 


163 


OF 
i 
* 
= 


dilatation of the vessels in the region of the 
macula. 

Recently, Hannon '* reviewed 140 cases 
of sickle-cell disease in which electrophoretic 
patterns had been made. Of these, 20 had 
sickle-cell hemoglobin C disease, and 7 of 
these had vitreous hemorrhages. He felt 
that vascular changes in the retina were 
likely to occur in the temporal quadrants. 
Two patients with sickle-cell hemoglobin 
C disease had twisted, corkscrew-like 
venules in the peripheral retina and some 
occlusion of the venules, with chorioretinal 
atrophy. 

Sickle-cell disease refers to the pathologi- 
cal condition attributable to the homozygous 
or heterozygous sickle-cell state. In the 
homozygous .state, the hemoglobin consists 
almost entirely of the sickle-cell type, com- 
bined usually with a small amount of fetal 
hemoglobin. This is symbolically repre- 
sented as S-S hemoglobin and is synony- 
mous with true sickle-cell anemia. In the 
heterozygous state, sickle-cell hemoglobin 
coexists with normal (A) or other abnormal 
(C, D, EF, ete.) hemoglobin, and the con- 
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dition is represented by the symbols S-A, 
S-C, S-D, S-E, ete., respectively. 
hemolytic anemia with or without icterus, 
hemolytic crises, reticulocytosis, musculo- 
skeletal complaints, hematuria, and hepa- 
tomegaly.’*'® A large percentage of cir- 
culating target cells and splenomegaly, the 
latter tending to wax and wane during the 
clinical course of the disease, are almost 
constant features. With the exceptions of 
Smith and Conley and Hannon no one has 
commented on the intraocular lesions in 
hemoglobin S-C disease. 

Sickle cells are rigid and cannot alter 
their shapes as normal red blood cells do, 
becoming impacted in the capillaries. This 
causes stasis, thrombosis, and  hemor- 
rhage.'*'* The oxygen supply to the local 
blood vessels becomes diminished, produc- 
ing an endarteritis and, finally, infarction of 
the involved area.’ 

Sickle-cell hemoglobin C disease, in which 
there is a combination of S and C hemo- 
globins, is clinically characterized by a mild 

We have examined 20 patients in whom 
a diagnosis of sickle-cell disease was made 


Fig. 1.—The partitioned hemoglobins of (.4) normal adult control and (B) Case 1, who 


had the S and C components. 
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by conventional methods. The hemoglobin 
of each of these persons was resolved on 
paper by electrophoresis by use of a method 
previously described..4 One patient had 
sickle-cell hemoglobin C disease; two had 
S-S hemoglobin (sickle-cell anemia), and the 
remaining seventeen had hemoglobin S-A. 
Paper electrophoresis of the hemoglobin 
of Case 1 (see below) readily partitioned 
and effectively demonstrated the S and C 
components (Fig. 1). Studies of solubility 
of the hemoglobin were not performed, 
as they would have added very little to this 
study. There appears to be only one limita- 
tion of the electrophoretic method used in 
Case 1. At an alkaline pH, hemoglobins C 
and E have almost identical mobilities. This 
has been a source of confusion on at least 
one occasion in the literature.2*_ Further 
identification at an acid pH in a Tiselius 
apparatus was not possible, but the singular 
rarity of hemoglobin E in the western 
hemisphere would tend to refute the possi- 
bility of such a hemoglobin being present. 


The eyes of these 20 patients were 
examined by the slit lamp; determination of 
tension and visual fields, and direct and 
indirect ophthalmoscopy. We found that 15 
patients with hemoglobin S-A and 1 with 
hemoglobin S-S had normal eyes. The re- 
maining four patients had vitreous or 
retinal abnormalities which could conceiv- 
ably be the result of their sickle-cell disease. 
The pertinent facts in each of these cases 
are documented below. 


Report of Cases 

Case 1.—A 33-year-old Negro man first 
experienced sudden painless diminution of 
vision in the right eye in 1944, Since that 
time, he has had numerous recurrences, 
usually yearly, of this symptom in the right 
eye, and occasionally in the left eye. The 
vision would return to normal in two or 
three weeks. In April, 1956, the patient 
again had sudden diminution of vision in 
the right eye. Since then, vision has been 
light perception with poor projection. A 
massive vitreous hemorrhage is present and 
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has persisted. A secondary iritis was noted 
for the first time. The tension dropped to 


9 mm, Hg (Schiotz), where it has re- 
mained, 


In the left eye, the vision was 20/20 
—1, and J, type was read at 18 in. without 
correction. Tension in this eye remained 
at 19 mm. Hg (Schietz). 


Upon examination with the slit lamp, the 
left eye had a normal anterior segment. The 
right eye had a questionable aqueous ray. 
Fine keratic precipitates were observed on 
the corneal endothelium. The lens was 
normal. 


Upon ophthalmoscopic examination with 
the pupil dilated, the right eye had a black 
reflex because of the vitreous hemorrhage. 
The left eye (Fig. 2) had a normal disc 
and macula, The arterial tree appeared 
normal. The veins were dilated and _ tor- 
tuous throughout the entire retina. Between 
3 and 5 o'clock in the far temporal periph- 
ery a large area of chorioretinal atrophy was 
seen. Similar areas were also noted at 
12:30, 1:30, 9:30, and 10 o'clock in the 
far periphery, but they were much smaller 
than the one between 3 and 5 o'clock. 
Hemorrhages, exudates, periphlebitis, or 
sheathing of the arteries or veins were not 
found, The atrophic areas at 12:30 and 
1:30 had some glial tissue extending into 
the vitreous from them. 

This patient’s past medical history re- 
vealed that he had had catarrhal jaundice 
in 1937. On general physical examination 
his liver and spleen were felt to be enlarged. 
Teeth, ears, nose and throat, and genitouri- 
nary tract were normal. 

Electrophoresis demonstrated that he had 
hemoglobins C and S. The roentgenograms 
of the chest, tibia, and fibula were normal. 
Roentgenograms of the skull showed gener- 
alized mottling which was felt to be com- 
patible with sickle-cell disease. Skin tests 
for brucellosis, lymphopathia venereum, and 
histoplasmosis were negative. A positive skin 
test to O. T., 1:10,000 strength, was found. 
The serologic test for syphilis was negative. 


Cephalin flocculation was 1+;  thymol 
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Fig. 2 (Case 1).—Fundus of the left eye, illustrating dilated and tortuous veins, normal 
arterioles, and areas of chorioretinal atrophy, some of the latter having glial proliferation. 


turbidity, 7.5 units, and prothrombin time, 
14.3 seconds, with a control of 12.5 seconds. 
Cutler sedimentation rate was 0 mm. per 
hour (corrected). 


Case 2.—A 28-year-old Negro man had a 
sudden diminution of vision, pain, and 
photophobia in the right eye in 1952. During 
the following six months his vision grad- 
ually improved until it became as good as 
that in the left eye. In 1954 vision again 
diminished without pain. At that time a 
diagnosis of vitreous hemorrhage was made. 
The vision gradually returned to its previous 
state. There are no eye complaints at the 
present time, Presently vision in the right 
eye is 20/25 —1, and J, type was read at 
18 in., and in the left eye vision was 20/20 
—1, and J; type was read at 18 in. A com- 
plete eye examination was normal except for 
ophthalmoscopic examination of the right 
eye. The retina, 1 D. D. above and temporal 
to the disc, contained a healed area of cho- 
rioretinitis which was 2 D. D. in size. Ves- 
sels, disc, and macula were normal. A 
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scotoma was plotted on the tangent screen 
which was obviously the result of this 
healed area of chorioretinitis. 

Electrophoresis revealed that this patient 
had hemoglobins S and A. No other ab- 
normality was found on general physical 
examination. No foci of infection could be 
found, The serologic test for syphilis was 
negative. He had a positive skin test to O. T. 
at 1:1000 dilution. Chest roentgenogram 
was normal. No other significant laboratory 
test demonstrated an abnormality. 


Case 3.—A 34-year-old man of Greek 
origin had never had any ocular symptoms. 
Eyes were normal except for the left fundus 
in the far periphery at 12:30 and 5:30. 
These two areas, about ™% D. D. in size, 
were hyperpigmented and had glial tissue 
in them. The remainder of the fundus was 
entirely normal. 

Electrophoresis revealed the hemoglobin 
to be S-S. No other symptom, physical 
finding, or laboratory test was found to 
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have an etiological relationship to the retinal 
findings. 

Case 4.—A 37-year-old Negro woman 
was a sibling of Case 1. She never had had 
any ocular difficulties. Eye examination re- 
vealed completely normal eyes except for 
the right fundus. On ophthalmoscopic ex- 
amination one noted that all vessels coming 
off the disc were markedly tortuous for a 
short distance. They then became normal. 

Electrophoresis revealed hemoglobins 
S and A. No other facts in the patient's 
history, no physical finding, nor any labora- 
tory test was found which could account for 
the abnormal vessels in the right retina. 


Comment 

On analyzing a very comprehensive report 
on recurrent intraocular hemorrhage due to 
tuberculosis in 31 young adults, by Elliot,** 
we could find no patient with lesions similar 
to those of our Case 1, the case with sickle- 
cell hemoglobin C disease. Ten of Elliot's 
patients had tortuous veins, but only in the 
periphery. Sixteen of his cases had dilated 
veins, but they were dilated only in the mid- 
or far periphery. Thirteen of his cases had 
perivascular exudates. Our Case 1 had 
dilated and tortuous veins in the retina from 
the disc out to the far periphery. The dila- 
tion and tortuosity were most marked, Our 
Case 1 had no perivascular exudates, and, 
lastly, the areas of chorioretinal atrophy 
were not like those one sees resulting from 
chorioretinitis but such as one would expect 
if the entire blood supply were completely 
blocked. They were clean white areas, with 
little if any pigment. Although this patient 
had a positive skin test to O. T., we do not 
feel that tuberculous infection or sensitivity 
were etiologic factors in these eye lesions. 

We do not feel that Cases 2, 3, and 4 
have retinal findings which are with any 
certainty due to sickle-cell disease. One 
could postulate that in Case 2 a local chorio- 
retinis is merely present, perhaps the result 
of the tuberculin sensitivity. In Case 3 the 
focal changes were so small that it is ques- 
tionable that they were the result of a 
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generalized disease. In Case 4 a develop- 
mental variation of the retinal vessels in one 
eye may be present. 

Venous occlusion can cause varices and 
aneurysms, and these are frequently fol- 
lowed by hemorrhage into the vitreous.?* 
local necrosis may occur in scattered areas, 
causing chorioretinal atrophy. This most 
certainly occurred in Case 1. Infarction of 
the choroid as well as of the retina was 
present. The ocular changes described in 
Cases 2, 3, and 4 may be the result of 
sickle-cell disease, although we feel that 
they are not, for reasons already given. 


Conclusion 


Of 20 patients with sickle-cell disease for 
whom electrophoresis of the hemoglobin was 
performed, 4 had intraocular abnormalities. 
Three of these four, one with S-S hemo- 
globin and the other two with S-A hemo- 
globin, had intraocular lesions which may 
or may not have been the result of their 
abnormal hemoglobin. The remaining pa- 
tient, who had S-C hemoglobin, exhibited 
characteristics of Eales’ disease, as had one 
of the two previously mentioned cases of 
S-A hemoglobin. This patient with S-C 
hemoglobin had such a unique picture in his 
visible fundus that we feel it was the result 
of his abnormal hemoglobin. 


Summary 


Recurrent vitreous hemorrhages (Eales’ 
disease) has, in the past, been ascribed to 
many etiologic factors. Henry and Chapman 
recently related the entity and other intra- 
ocular changes to sickle-cell disease. The 
abnormalities of stasis, dilatation of the 
veins, hemorrhages, and infarction are 
secondary to the relatively inflexible, mis- 
shapen, sickled cells. Of the numerous re- 
ports pertaining to sickle-cell hemoglobin C 
disease, only Smith and Conley and Hannon 
have commented on its probable relationship 
to vitreous hemorrhages. 

In our study of 20 cases of sickle-cell 
disease diagnosed by electrophoretic and in 
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vitro sickling methods, 4 demonstrated ab- 
normal intraocular changes. 


Case 1 gave an extended history of re- 
current vitreous hemorrhages associated 
with dilated tortuous veins, peripheral 
chorioretinal atrophy, secondary iritis, and 
hypotony. Other possible causes were elimi- 
nated, and the patient’s sickle-cell hemo- 
globin C disease was designated as the 
underlying causal agent. 


Case 2 undeniably represented an example 
of Eales’ disease, but a healed chorioretini- 
tis seemingly pointed away from his sickle- 
cell trait (hemoglobins S and A) as the 
cause of his lesion, although the latter pos- 
sibility was by no means excluded. 

Case 3 demonstrated two small areas of 
glial tissue with pigmentation in the left 
fundus, which were possibly related to sickle- 
cell anemia. 


Case 4, a sibling of Case 1 and showing 
the trait (hemoglobins S and A), merely 
had tortuosity of the right fundic vessels. 


This study, in conjunction with the ob- 
servations of Smith and Conley and Han- 
non, suggests that there is a_ causal 
relationship between recurrent intraocular 
hemorrhage and sickle-cell disease, especi- 
ally of the hemoglobin S-C variety. 

8127 Glen Gary Rd., Towson 4, Md 
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Evaluation of Histochemical Techniques for Carbonic 


Anhydrase in Ocular Tissues 


PAUL L. CARMICHAEL, M.D., M.Sc.; CAROLINE HAMBLIN, M.S.; HARRY GREEN, Ph.D., and 


IRVING H. LEOPOLD, M.D., D.Sc., Philadelphia 


The recent interest in the role of car- 
bonic anhydrase in the formation of the 
aqueous humor '* stimulated the present at- 
tempt to demonstrate the presence and lo- 
cation of this enzyme in ocular tissues by 
histochemical methods. 

Carbonic anhydrase is known to be a zine- 
containing enzyme.* Wistrand® first re- 
ported the presence of the enzyme in the 
anterior uvea of the rabbit. This was con- 
firmed by Green and his co-workers® in 
1955, by Ballantine and Maren,’ and by 
Gloster and Perkins *® in 1955. These au- 
thors empioyed biochemical techniques in 
order to demonstrate the presence of car- 
bonic anhydrase. 


The demonstration of carbonic anhydrase 
in histological sections by histochemical 
methods has been reported by Kurata.® The 
tissues utilized in the original’ experiments 
were the parietal cells of the gastric mucosa 
and the red blood cells of the rat. A posi- 
tive reaction was indicated by the deposition 
of a fine brown precipitate of manganous 
oxide in the areas of carbonic anhydrase 
activity. In 1954, Goebel and Puchtler 1 
described unsatisfactory attempts to demon- 
strate the localization of the enzyme in par- 
affin sections of the epithelium of the kidney 
tubules and the epithelial cells of the gastric 
mucosa of the rat, according to the method 
originally outlined by Kurata. These au- 
thors modified the Kurata method and by 
use of frozen sections reported the sucess- 
ful demonstration of the enzyme in sections 
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of the kidney and gastric mucosa of the 
rat. De Berardinis and Gaipa'! were able 
to localize carbonic anhydrase in sections of 
the iris and ciliary body of the rabbit eye 
by the Kurata technique, noting especially 
that the reaction appeared to be inhibited by 
the intravenous administration of acetazola- 


mide prior to killing of the animal and . 


prior to the histological preparation of the 
tissues. In none of the above instances were 
any enzyme control studies reported. The 
purpose of the present study was to evaluate 
the results of histochemical methods for 
zine localization and to determine the extent 
to which the Kurata method and its modi- 
fications might be used to demonstrate car- 
bonic anhydrase in histological sections of 
the iris and ciliary body of the rabbit eye. 


Materials and Methods 


In evaluation of the zinc methods, gastric 
mucosa, iris, and ciliary body tissue were 
employed. The two histochemical methods 
for zine localization which were utilized 
were were those of Mendel and Bradley 
and Okamoto. 

The uveal tissues studied were obtained 
from the eyes of albino rabbits weighing 4 
to 6 lb. The animals were killed by air 
injection and placed in an upright position 
so that most of the blood drained from the 
head, The aqueous was removed from the 
anterior chamber and replaced with air to 
insure removal of most of the residual blood. 
After enucleation, the iris and ciliary body 
were removed in toto, with use of the 
posterior approach described by Green et 
al.* All tissues were fixed in acetone for 
one hour prior to embedding in_ paraffin. 
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Fig. 1.—Normal tissue section from iris and 
ciliary processes of albino rabbit eye treated with 
cobalt chloride-ammonium sulfide variation of 
Kurata technique. Paraffin section. Cross section 
cut at 


One hundred fifty cross sections of iris and 
ciliary body cut at 20¢ and 25p were used 
for the original Kurata method and the 
cobalt chloride-ammonium sulfide modifica- 
tion of this technique. One hundred fifty 
frozen preparations of flat sections of iris 
and ciliary body were cut at 20 for the 
Goebel-Puchtler modification. 


Controls were prepared according to the 
methods suggested by Gomori.'! Sections 
untreated by any reagents and sections 
treated by omission of one or more reagents 
were the primary control, Acetazolamide 
( Diamox ),* a carbonic anhydrase inhibitor, 
was injected intravenously into the rabbit 
(20 mg. per kilogram body weight) 30 
minutes prior to killing the animal.* Iris 
and ciliary body were also incubated at 
37 C in a solution of acetazolamide (50 mg. 
per cubic centimeter) for 15, 30, and 45 
minutes and at room temperature for 60 
minutes, Other methods to inhibit enzyme 
activity included the treatment of tissue 
with oxidizing agents (3% hydrogen perox- 

*Supplied by Dr. James F. Gallagher, Lederle 
Laboratories, Pearl River, N. Y. 
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ide for 5 to 10 minutes; 0.1% potassium 
permanganate for 14 hours), reducing 
agents (5% sodium sulfate for 14 hours), 
and copper sulfate (14 hours) prior to 
sectioning and staining. Ninety-five per cent 
alcohol for 1 hour, boiling water for 5 to 
10 minutes, or 2 N hydrochloric acid for 
10 to 15 minutes were also employed in 
an attempt to destroy the enzyme. 


Results 


The Mendel and Bradley and Okamoto 
methods for the localization of zinc in the 
gastric mucosa and the iris and ciliary body 
of the rabbit yielded negative results in 
all tissues. One hundred fifty tissues were 
prepared for each method. Kurata’s tech- 
nique, as originally proposed, yielded nega- 
tive results in every tissue studied. The 
cobalt chloride-ammonium sulfide variation 
of the Kurata method gave the appearance 
of a positive reaction in normal tissue (Fig. 
1). Seattered clumps of pigment were 
localized in the ciliary processes and in 


Fig. 2.—Tissue section from iris and ciliary 
processes of albino rabbit eye from animal given 
intravenous injection of acetazolamide (30 mg. per 
kilogram body weight). Tissue treated with cobalt 
chloride-ammonium sulfide variation of Kurata 
technique. Paraffin section. Cross section cut at 
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some regions of the ciliary body and were 
sparsely scattered over the anterior surface 
of the iris. Tissues from rabbits given 
acetazolamide intravenously (30 mg. per 
kilogram body weight) failed to show any 
significant difference in the amount and 
deposition of precipitate compared with 
normal sections (Fig. 2). Tissues treated 
with 2 N hydrochloric acid for 10 to 15 
minutes, until they became transparent, 
yielded a reaction similar to the complete 
reaction produced on normal tissues. Sec- 
tions from tissues treated with boiling 
water, 5 to 10 minutes and tissues treated 
with 0.1% potassium permanganate or 0.2% 
copper sulfate for approximately 14 hours 
yielded negative reactions, 

The Goebel and Puchtler modification, 
involving fresh frozen sections and utilizing 
cobalt chloride and ammonium sulfide as 
the principal reagents, yielded a_ positive 
reaction when applied to normal tissues. 
The complete reaction performed on normal 
tissues showed the presence of clumping 
of dark masses of black granules which 
had a tendency to localize on surfaces of 
the rugose folds of the iris and the crypts 
between the folds. Black pigment clumps 
were also located peripherally in the areas 
of the ciliary processes and around the 
pupillary border of the iris. The reaction 
was not constant nor was it characteristic, 
and it appeared to be entirely superficial. 

In every case where the complete reaction 
was employed, the control sections showed 
positive results similar to the reaction in 
normal tissues. Sections taken from iris 
and ciliary body removed 40 minutes after 
the intravenous injection of acetazolamide 
yielded positive reactions, although the pre- 
cipitate was much more diffuse and the 
clumps of material were much smaller. 
Control tissues treated with one of the 
following: hydrogen peroxide, sodium bi- 
sulfite, sodium sulfite, 95% alcohol, or 
boiling water, or those incubated with 
acetazolamide in an effort to destroy car- 
bonic anhydrase, gave positive results that 
were in no way different from those ob- 
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tained using the complete process on normal 
tissue. Control tests on normal tissues in- 
volving the use of cobalt chloride and the 
bicarbonate buffer alone showed no reaction. 
Tests utilizing ammonium sulfide alone 
showed no reaction. Control tests on nor- 
mal tissues which were treated with all 
the agents except sodium bicarbonate gave 
a positive reaction similar to that obtained 
when the complete process was employed 
on normal tissue. 

Paraffin sections of rabbit kidney and 
gastric mucosa were submitted to the above 
histochemical techniques. Similar equivocal 
patterns resulted in control sections and in 
normally treated sections. It is interesting 
to note that normal tissue sections which 
were cut at 20u, deparaffinized with xylene, 
and mounted showed the presence of intra- 
cellular granules similar to those described 
as constituting a positive reaction. These 
granules were not removed from any sec- 
tions passed through xylene or xylene and 
100% alcohol or from deparaffinized sec- 
tions placed in acetone and cleared with 
xylene. The granules disappeared, how- 
ever, as soon as the sections were immersed 
in hydrated alcohol solutions. Although the 
particles resembled melanin or lipofucsin 
granules, histochemical tests indicated that 
they were neither. The tests employed for 
the detection of lipofucsin pigments con- 
sisted of Sudan black reaction, the periodic 
acid-Schiff reaction, the alkaline silver re- 
action for melanin, and Schmorl’s reaction 
for lipofucsin.”® 


Comment and Summary 


Histochemical methods for demonstration 
of zinc in the iris and ciliary body of the 
rabbit yielded negative results. This is 
consistent with the results of Pearse.’® It 
may be concluded either that the sensitivity 
of the technique used was not great enough 
or that the metal was not free to react in 
either case. Attempts to localize carbonic 
anhydrase iti the iris and ciliary body of 
the albino rabbits using Kurata’s original 
method were unsuccessful. The tissues were 
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entirely devoid of a precipitate, either extra- 
cellular or intracellular. This confirms pre- 
liminary findings of Wachstein on kidney 
tissues.'7 Results obtained with the Gomori 
modification of the Kurata method were 
inconsistent. Most of the control sections 
yielded positive results. The validity of 
the stain is therefore open to question. The 
same statements hold true for the Goebel- 
Puchtler modification of the 
method. 


It may be helpful to define the chemistry 
involved in the reactions outlined above. 
It is postulated that the metallic ion be- 
comes attached to the enzyme site in the 
form of the bicarbonate. Carbonic an- 
hydrase supposedly acts upon the bicarbo- 
nate to precipitate an insoluble metallic 
carbonate on the tissue at the site of the 
enzyme, which is not washed away by sub- 
sequent treatment. With the use of an 
oxidizing agent (KIO,) in the original 
Kurata method, the attached Mnt* jons 
are oxidized to the brown MnOzg deposits, 
which might be identified at the cellular 
level, In the case of the cobalt modification, 
the precipitate would be black cobalt sulfide, 
which could readily be identified in tissue 
section. 


original 


All of these presumed reactions 
depend upon the premise that the metal 
bicarbonate is bound to the enzyme site and 
is a substrate for the enzyme action. 

That these reactions take place is open to 
serious question, There is no reason to be- 
lieve that carbonic anhydrase has any effect 
on a metallic bicarbonate. Indeed, the litera- 
ture '*!® suggests that carbonic acid or car- 
bon dioxide is the immediate substrate of 
carbonic anhydrase action according to the 
following equation: CO,+H 
Furthermore, in view of the negative results 
with control studies, it would seem that the 
precipitate MnO, or CoS is not firmly 
bound to the tissue but is readily washed 
away. 

A more reasonable assumption of the 
reactions which occur is as follows: 

(1) MnCh+-2NaHCOr Mn( HCOs)e+2NaCl 
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(3) 
(4) 
(5) HsCOs+carbonic anhydrase> HxO+COs 
In the original Kurata technique the 

precipitate of manganous oxide is probably 
washed out of solution during preparation. 
The soluble Mn (HCOs)e probably is pres- 
ent predominantly in the form of Mn++ 
and HCO,~. Hydrolysis of such a salt 
of a weak acid (HeCOs) in a relatively 
weak base [Mn(OH)2.] leads to the forma- 
tion, in small amounts, of Mn(OH)». and 
H2COs;. Reaction with KIO, at this point 
merely results in the oxidation of the 
Mn(OH)s or Mn++ to MnOs, which de- 
posits as a brownish precipitate. There is 
no reason to believe that the Mn++ or 
Mn(OH)s are specifically localized at the 
enzyme site, but it is more likely that they 
are uniformly distributed throughout the 
medium. Hence, the brown MnQOzg should 
also be more or less uniformly dispersed in 
the medium and rather easily washed out. 
The HeCQOs, on the other hand, in the pres- 
ence of the enzyme is converted into HzO 
and COs. Similarly with the CoCle-(NH4)2S 
system, CoS is deposited instead of MnOs. 
It is, therefore, clear that if these reactions 
are correct as formulated then the experi- 
mental conditions are incompatible with the 
histochemical detection of catbonic anhy- 
drase. The above reactions also may explain 
the reason why acetazolamide is ineffective 
in inhibiting the reactions. Carbonic anhy- 
drase is not essential in locating the metallic 
precipitate at the enzyme site. 

The nature of the granules present in 
normal sections cut at 25y, although tested 
by several histochemical methods, remains 
obscure. Hydration of these granules caused 
them to disappear. This suggests the possi- 
bility that the alcohol used in the paraffin 
process causes certain protein components 
of the cellular cytoplasm to become dena- 
tured. These granules could be mistaken 
for the precipitates described in the original 
Kurata procedure. 


(2) Mn( HCOs) (dissociated) Mn**+-2HCO,—HOH 


(hydrolysis) 
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TECHNIQUES FOR DETERMINING CARBONIC ANHYDRASE 


Conclusions 


Techniques for the histochemical demon- 
stration of carbonic anhydrase were applied 
to the iris, ciliary body, kidney, and gastric 
mucosa of the rabbit. None of these tech- 
niques produced constant results in the 
tissues tested, and the results were not 
different from those obtained after the de- 
struction of the enzymes by standard 
methods. None of the techniques showed 
definite inhibition of the enzyme by aceta- 
zolamide either intravenously administered 
or when the tissues were incubated with 
the inhibitor. A discussion of the chemical 
reactions probably involved is presented. 


Wills Eye Hospital, 1601 Spring Garden St. (30). 
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In the analysis of the human electro- 
retinogram, the study of subjects with con- 
genital night blindness and total color 
blindness is of great value. The absence 
of specific electroretinographic components 
in these anomalies simplifies the complex 
pattern of response, allows a more detailed 
investigation of the remaining components, 
and aids in the analysis of the photopic- 
scotopic nature of the different waves. How- 
ever, the few investigations which deal with 
the electroretinogram in congenital night 
blindness and total color blindness have 
studied each condition separately; therefore, 
no direct comparison has been made between 
their electroretinographic responses. 

The purpose of this study is to investigate 
quantitatively the influence of dark-adapta- 
tion stimulus intensity the 
electroretinogram of normal, congenitally 
night-blind, and totally color-blind subjects,* 


examined under identical experimental con- 
ditions. 


Subjects 


The night-blind subject is a 28-year-old 
married white woman. She has been aware 
of poor night vision in both eyes since 
childhood, nonprogressive in nature. A 
sister is similarly affected. There is no 
other family history of night-blindness. The 
parents were first cousins. The patient also 

Received for publication Feb. 1, 1957. 

Ophthalmology Branch, National Institute of 
Neurological Diseases and Blindness, National In- 
stitutes of Health, Public Health Service, U. S. 
Department of Health, Education, and Welfare. 

*The two subjects with congenital retinal 
anomalies were made available by Dr. Louise 
Sloan of the Wilmer Ophthalmological Institute 
(The Johns Hopkins Hospital). 
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notes that her left eye has always been 
“crossed.” 

Visual acuity in the right eye was 20/25 
with a —2.0 D. sph2—1.75 D. cyl, ax 105 
correction. Visual acuity in the left eye was 
20/60 with —3.50 spheres, and an inter- 
mittent exotropia was present. Biomicros- 
copy was negative, except for the presence 
of a small anterior polar opacity in 
the left lens. Fundus examination of both 
eyes disclosed a fine pigment dispersion in an 
area one disk diameter in width adjacent 
to the temporal border of each disk. The 
optic disks, retinal vessels, maculae, and 
fundus periphery were normal. No abnor- 
malities were found on visual field examina- 
tions with a 3 mm. white target at 330 mm. 
under standard illumination. (The right eye 
was used for electroretinographic 
studies. ) 

The totally color-blind subject is a 38- 
year-old married white woman. Color blind- 
ness, photophobia, and defective vision have 
been present as far back as the subject can 
remember. Nystagmus was marked during 
childhood but has gradually disappeared, 
with a concomitant improvement in visual 
acuity. The mother is reported to have had 
normal color vision. No information is 
available regarding the father’s color vision. 
The patient was recently operated on to 
correct a deviation of the left eye. 

The corrected visual acuity in both eyes 
was 20/200 with —3.00 spheres. A left 
exotropia was present. Internal examina- 
tion of both eyes, including fundus study, 
was essentially negative. (The right eye 
was used for the  electroretinographic 
studies. ) 
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Three normal subjects (Subjects 1, 2, 
and 3), with no ocular complaints or evi- 
dence of ocular pathology, were also studied. 

The results of psychophysical testing in 
these subjects were as follows: 


A. H-R-R Pseudoisochromatic Plates.— 
The normal and night-blind subjects iden- 
tified all plates correctly. The color-blind 
subject identified only Plate 20 correctly, 
on the basis of a brightness difference be- 
tween number and background. 


B. Flicker Fusion Frequency (FFF ).— 
This was determined with a stimulus patch 
of 1 degree, and a luminance of about 100 
millilamberts, in the light-adapted state. 
Testing was performed with the patch fix- 
ated centrally and at 15 and 30 degrees in 
the nasal field. Under these conditions, the 
FFF of normal subjects was found to be 
40 per second and above. The FFF of the 
night-blind subject was 40 per second, but 
the color-blind subject did not exceed an 
FFF of 20 per second. This is in accord 
with findings in a previously reported case 
of total color blindness." 


C. Purkinje Shift-—This test was per- 
formed with blue and red paper on a black 
background. In bright light, the normal 
subjects saw the red patch brighter than the 
blue. Under poor illumination, after a 
period of dark adaptation, the normal sub- 
jects saw the blue patch brighter than the 
red. This shift in sensitivity from red to 
blue light (Purkinje shift) is due to the 
change from photopic activity, with its 
greater sensitivity for the longer wave- 
lengths, to scotopic activity, with its greater 
sensitivity for the shorter wavelengths. 

The Purkinje shift was absent in the 
color-blind subject; the blue patch was re- 
ported as the brightest regardless of adap- 
tation state and illumination. In_ the 
night-blind subject the Purkinje shift was 
also absent, and the red light was brightest 
under all conditions. 


D. Dark Adaptation.—This test was per- 
formed with the Goldmann adaptometer, 
after a 10-minute preadaptation to a 420 
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ELECTRORETINOGRAM IN NIGHT AND COLOR BLINDNESS 


millilambert light source in the integrating 
sphere. The test patch was 11 degrees in 
diameter, with its center about 11 degrees 
from fixation. 

The dark-adaptation curves of the con- 
genital night-blind, total color-blind, and 
a normal subject (Subject 1) are demon- 
strated in Figure 1. The adaptation curve 
in the normal subject revealed two branches, 
separated by a “break” at about eight min- 
utes. The first portion of the curve is iden- 
tified with photopic function, and the second 
portion, with scotopic function.? 

The color-blind subject showed a normal 
threshold after 40 minutes of dark adapta- 
tion. During the first few minutes, how- 
ever, the rate of adaptation appeared to be 
more rapid than that of the normal subject. 
This may be attributed to the decreased 
effectiveness of the preliminary light adap- 
tation in this subject, due to the blinking 
and upward rolling of the eyes attendant 
upon intense photophobia. 

The night-blind subject reached a final 
threshold after 40 minutes of dark adapta- 
tion which was about 3 log units above the 
normal scotopic threshold. There was no 
evidence of a “break” in the curve during 
the critical time of 6 to 10 minutes. A 
slightly elevated cone threshold was found 
by threshold determinations with red light 
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_ Fig. 1—Dark-adaptation curves in normal sub- 
ject 1 (triangle), a congenitally night-blind sub- 
ject (black circle), and a totally color-blind 
subject (white circle). 
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centrally fixated and with the nyctometer 
test (Comberg), as performed with the 
Goldmann adaptometer. 


Apparatus 

Since a detailed description of the appa- 
ratus has been included in a_ previous 
paper,® only the main points will be re- 
viewed here, The electroretinographic po- 
tentials were picked up from the cornea 
by means of a contact lens electrode and led 
to a capacity-coupled preamplifier which was 
connected with one of the direct-coupled 
main amplifiers in a double-beam cathode- 
ray oscilloscope. The over-all time constant 
was sufficiently high to avoid measurement 
errors due to the frequency response of 
the amplifier system. (The lower limit of 
frequency range was less than one per 
second.) The light stimuli produced by an 


+ arta electroretinogram in normal (Subject 2), totall 
in 
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electronic light stimulator were flashes of 
about 10 microseconds duration. Peak 
luminance was about 6107 millilamberts 
and is referred to as intensity 100 (arbi- 
trary units). The stimulus patch had a 
diameter of 19 degrees and was equipped 
with a small central red fixation light. Red 
light stimuli were produced by means of 
standard Wratten filter No. 29. Neutral 
filters were used to vary intensity. The 
light stimulus was simultaneously recorded 
by a photo-cell and the second channel of 
the cathode-ray oscilloscope. 


Experimental Procedure 
All electroretinographic records were ob- 
tained in complete darkness from the right 
eye of the subject, after maximal dilation 
with cyclopentolate (Cyclogyl) hydrochlo- 
ride 1% and phenylephrine (Neo-Syneph- 


color-blind, and congenitally 


night-blind subjects, in response to white light stimuli of different intensity and to a red 
light stimulus, under conditions of dark adaptation. The color-blind subject lacks the 
photopic x-wave, while the night-blind subject lacks the scotopic b-wave. 
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rine) hydrochloride 10%. In studying the 
influence of stimulus intensity on the elec- 
troretinogram, the recordings were begun 
after 30 minutes of dark adaptation follow- 
ing a previous exposure to the average room 
illumination of 8 ft-c. For every given in- 
tensity several responses were obtained and 
the mean value was calculated. The effect 
of dark adaptation was studied by recording 
the electroretinogram at different times after 
a period of 10 minutes of light adaptation. 
(The adapting field was 90 degrees in diam- 
eter, with a uniform luminance of about 
1000 millilamberts. ) 

The evaluated material of this study in- 
cludes 545 records. 


Results 


The photopic and scotopic components of 
the human electroretinogram can be sepa- 
rated most clearly with red light stimuli. 


COLOR BLIND 


As shown in Figure 2, the electroretino- 
gram elicited by red light stimuli normally 
consists of an initial negative response 
(a-wave) followed by positive re- 
sponses: a more rapid wave (photopic 
x-wave) and a comparatively slow wave 
(scotopic b-wave). The color-blind subject 
lacks the x-wave, whereas the night-blind 
subject lacks the b-wave. Therefore, each 
anomaly in this study is characterized by 
a single different positive wave, 

In contrast to the response to red stimuli, 
the electroretinographic response to white 
light flashes shows less temporal separation 
between the two positive components: The 
b-wave occurs during the x-wave. However, 
a clear differentiation between x-wave and 
b-wave in response to white light may be 
seen in normal subjects during the early 
period of dark adaptation (Fig. 3). The 
low magnitude of the b-wave under these 


é . 3.—The electroretinogram in normal (Subject 1), totally color-blind, and congenitally 
night-blind subjects, in response to a standard white light stimulus (intensity 100), after 
1, 8, and 20 minutes of dark adaptation, following a preliminary light adaptation. The 
color-blind subject lacks the photopic x-wave, while the night-blind subject lacks the scotopic 


b-wave. 
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Vig. 4.—The influence of stimulus intensity on 


the amplitude of the positive electroretinographic 
response in normal Subject 2 (black-and-white 
circle), a totally color-blind subject (white circle), 
and a congenitally night-blind subject (black 
circle). Each point is the mean value of three to 
nine responses. The second rise in the curve of the 
normal subject, which is a function of the x-wave, 
is absent in the curve of the color-blind subject. 


conditions allows the x-wave, which is rid- 
ing on the ascending limb of the b-wave, to 
project above it. In keeping with the re- 
sponses noted with red light stimuli, the 
color-blind subject retains the b-wave but 
lacks the x-wave and the night-blind subject 
retains the x-wave but lacks the b-wave. 
The influence of stimulus intensity on the 
amplitude of the positive responses* is shown 
in Figure 4. In the normal subject with 
logarithmically increasing intensities there 
is an almost linear increase of amplitude, 
which arrives at a first maximum with 
rather high intensities. When higher inten- 
sities are used, a second increase of ampli- 
tude occurs, which is presumably due to 
the addition of the x-wave to the positive 
response, This assumption is supported by 
the fact that in the color-blind subject, 
where the x-wave is absent in the response 
pattern, the second increase in amplitude 
is similarly lacking. Furthermore, the in- 
tensity curve of the night-blind subject 
reveals an increase in amplitude of its posi- 
tive component (the isolated x-wave) in 
the same range of high intensities that elicits 
sf The amplitude of the positive response was 
measured from the bottom of the a-wave. 
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the second rise in amplitude in the normal 
subject. 

The intensity function of the a-wave, 
demonstrated in Figure 5, is identical in 
the normal and night-blind subjects. The 
a-wave of the color-blind subject shows a 
similar function, but its amplitude is well 
below that of the normal and night-blind 
subjects. The reduction in amplitude is 
equivalent to a shift of 1 log unit toward 
the higher intensity stimuli. 

The changes in the electroretinogram 
during dark adaptation in response to a- 
strong standard light stimulus are shown 


Fig. 5.—The influence of stimulus intensity on 
the amplitude of the negative electroretinographic 
response (a-wave) in normal Subject 2 (black- 
and-white circle), a totally color-blind subject 
(white circle), and a congenitally night-blind sub- 
ject (black circle). Each point is the mean value 
of three to nine responses, 
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by original records (Fig. 3) and demon- 
strated graphically (Fig. 6). In the normal 
subject the amplitude of the a-wave in- 
creases during dark adaptation in a charac- 
teristic manner. There is an initial increase 
during the first 2 minutes which reaches a 
plateau, followed by a second increase be- 
ginning at about 6 minutes and leveling off 
at about 20 minutes. Surprisingly, the 
a-wave of the night-blind subject follows 
this normal pattern. The a-wave of the 
color-blind subject, however, begins with 
a very low amplitude, which then increases 
steadily during the course of dark adapta- 
tion. There is no evidence of a “break” in 
the curve during the first 10 minutes, which 
is manifest in both normal and night-blind 
subjects. 
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Fig. 6.—The influence of dark adaptation on 
the negative electroretinographic response (a- 
wave) of normal Subject 1 (black-and-white 
circle), a totally color-blind subject (white circle), 
and a congenitally night-blind subject (black 
circle). Pig ome white light stimulus (intensity 
100). A “break” is present in the curve of the 
normal and night-blind subjects at about six 
minutes which is absent in the color-blind subject. 


The increase in amplitude of the positive 
waves of the normal and color-blind sub- 
jects during dark adaptation parallels the 
behavior of their respective a-waves. There 
is a steady increase during the first 20 
minutes of dark adaptation in both subjects, 
but a definite “break” is present in the nor- 
mal subject at about 6 minutes which is 
absent in the color-blind subject. The posi- 
tive wave of the night-blind subject shows 
a paradoxical decrease in amplitude from 
45 seconds to 6 minutes of dark adaptation, 
followed by a plateau (Fig. 7). This is in 
contrast to the increase in amplitude noted 
in the a-wave under the same conditions. 


Comment 


There are two positive potentials in the 
human electroretinogram: x-wave and 
b-wave. The functional interpretation of 
these waves as photopic and scotopic re- 
sponses, respectively, is based upon their 
spectral sensitivities,” their flicker fusion 
frequencies,*" and their different behavior 
during dark adaptation.’*"* The study of 
the retinal anomalies of congenital night 
blindness and total color blindness has been 
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particularly valuable in demonstrating this 
differentiation. 

In three cases of congenital night blindness 
(Schubert and Bornschein,’® Armington 
and Schwab '*), and in the present case, the 
positive wave in the response demonstrated 
the characteristics of the x-wave. The in- 
tensity curve of the positive wave in the 
present study showed a gradual slope similar 
to the x-wave of normal subjects isolated 
with red light stimuli (Armington and 
Thiede '*). The decrease in amplitude of 
this positive wave during the first few 
minutes of dark adaptation was also in 
keeping with the normal behavior of the 
x-wave (Armington'*), Furthermore, a 


separate study of the electroretinographic 
response of this night-blind subject to flick- 
ering stimuli (Goodman and Iser!') af- 
forded additional proof of the identity of 


to 
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Fig. 7.—The influence of dark adaptation on the 
positive electroretinographic response (x-wave) 
of the congenitally night-blind subject. Standard 
white light stimulus (intensity 100). 
the positive wave with the x-wave and 
confirmed the findings first reported by 
Bornschein and Schubert ® in their flicker- 
electroretinogram studies of another con- 
genitally night-blind subject. 

The temporal course of the positive wave 
in the congenitally night-blind subject was 
also characteristic of the x-wave, since the 
implicit time was consistently about 50 msec. 
for a wide range of low- and moderate- 
intensity However, with the 
highest intensity stimuli there was an abrupt 
change to an implicit time of 32-36 msec. 
This same implicit time was characteristic 
of a hump, noted with moderate intensities, 
which apparently determined the peak of 
the response with the highest intensities, 
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(The complex appearance of the x-wave 
was manifest during the early minutes 
of dark adaptation by the appearance of 
multiple humps. ) 

Total color blindness has been studied 
electroretinographically in two subjects. 
Dodt and Wadensten’® have reported one 
subject in whom the response to flickering 
stimuli consisted only of a scotopic com- 
ponent, and this has been confirmed in the 
present subject (Goodman and Iser'), A 
detailed study of the response to individual 
light stimuli in another totally color-blind 
person was made by Vukovich.”” Examina- 
tion disclosed a scotopic b-wave, with com- 
plete absence of the photopic x-wave, and 
these findings have been repeated here. 
Consequently, the intensity function of the 
positive wave in the present case failed to 
show the second rise noted in a normal 
person, since this rise is due to the increase 
in amplitude of the x-wave which occurs 
with high-intensity stimuli, The lack of the 
photopic x-wave was also manifest in the 
low magnitude of the positive response of 
the color-blind subject at the beginning of 
dark adaptation and the absence of a 
“break” in the dark-adaptation curve which 
normally occurs when both photopic and 
scotopic processes are present. 

The normal a-wave is assumed to consist 
of a photopic and a scotopic component.!*"*: 
21.22 This conclusion is based in part on the 
appearance of a “break” in the dark-adap- 
tation curve of the a-wave and the different 
appearance of this wave in response to red 
and blue stimuli. The assumption of the 
dual nature of the a-wave is apparently 
supported by the fact that it often appears 
to be split into two portions, separated by 
a small positive “hump.” According to the 
hypothesis of Armington, Johnson, and 
Riggs, this phenomenon may be due to 
the existence of a photopic a-wave (a,) and 
a scotopic a-wave (ag) with different laten- 
cies. In the present study, such a temporal 
differentiation was disregarded intentionally, 
and the values for the a-wave refer to the 
over-all amplitude regardless of the appear- 
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ance of “humps” in the wave. The temporal 
aspects of the a-wave, as studied in normal 
subjects and those with congenital retinal 
anomalies, will be discussed in a future 
publication. 

The a-wave of the color-blind subject 
showed an intensity function similar to the 
normal, but greatly reduced in size. The 
amplitude at the commencement of dark 
adaptation was also below normal, and the 
progressive increase during the later stages 
showed no evidence of a “break.” There- 
fore, the conclusion appears to be justified 
that the a-wave of the color-blind subject 
represents a pure scotopic component, as 
previously demonstrated for the positive re- 
sponse in this subject. 

The a-wave of the night-blind subject was 
identical in its behavior with the normal 
a-wave in regard to both intensity function 
and course during dark adaptation. Repeated 
examinations in this subject invariably 
showed a very definite “break” in the dark- 
adaptation curve of the a-wave and a con- 
tinued growth in amplitude of the wave 
beyond the first 10 minutes of dark adapta- 
tion. On the basis of this evidence it must 
be concluded that the a-wave in this night- 
blind subject revealed evidence of a func- 
tioning scotopic process, 

The absence of the scotopic positive wave 
(b-wave) in the congenitally night-blind 
subject is consistent with the lack of sco- 
topic activity noted on subjective testing. 
The preservation of the scotopic portion of 
the a-wave in this subject is evidence that 
the primary photochemical process in the 
scotopic system is intact. What explanation 
can be offered for these seemingly contra- 
dictory findings ? 

Granit * (1947) reviewed earlier work 
which indicated that the a-wave might arise 
in a more distal locus than the b-wave; the 
recent experiments of Noell ** (1953) also 
support this idea. Noell suggested that the 
a-wave cannot develop without specific reac- 
tion at the linkage between the inner and 
outer limbs of the receptor, while the b- 
wave requires the participation of structures 


Vol. 58, August, 1957 


& 

5 

i 


ELECTRORETINOGRAM IN NIGHT AND COLOR BLINDNESS 


proximal to the inner limbs. In terms of this 
hypothesis, the present findings in the con- 
genitally night-blind subject could reflect a 
disturbance limited to the inner segments 
of the scotopic receptor-cell and/or to their 
connection with the bipolar cells. Thus, the 
intact peripheral portion of the receptor 
would generate the normal scotopic a-wave, 
but the block in transmission to more cen- 
tral structures would account for the ab- 
sence of the scotopic positive wave and the 
lack of scotopic activity noted in subjective 
tests. This interpretation is necessarily a 
speculative one, since the site of generation 
of the electroretinographic waves is still un- 
settled and the morphological basis of the 
functional disturbance in the night-blind 
subject is unknown. 

The electroretinographic response in the 
night-blind subject, consisting of a large 
a-wave, an x-wave, and complete absence of 
the scotopic b-wave, has been noted in two 
other reported cases of congenital night 
Francois?° recorded an x- 
wave, and an a-wave of normal size, in three 
congenitally night-blind subjects, as did 
Armington * in another case. Quantitative 
studies of the a-wave during the course of 
dark adaptation were not done in these six 
subjects; as a result, no conclusions can be 
drawn regarding the presence of a scotopic 
component in their tracings. In two other 
cases of night blindess (Armington® and 
Riggs **) a b-wave of reduced amplitude 
was found in addition to photopic compon- 
ents. The subjective findings in all reported 
subjects, however, were similar in that 
the scotopic 
tation 


portion of the dark-adap- 
absent. Therefore, 
despite the uniform findings in psychophys- 
ical tests of congenitally night-blind sub- 
jects, the dissimilar patterns of electro- 
retinographic response suggest that there is 
more than one type of congenital night 
blindness. It may be that the defect in 
these cases involves different portions of the 
distal rod pathways. 


curve was 


The investigation of new cases of con- 
genital night blindness is necessary to 
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establish to what extent normal scotopic 
electroretinographic components may be 
found in the presence of marked deficiences 
of scotopic function on psychophysical test- 
ing. In the case of the totally color-blind, 
additional electroretinographic studies are 
also indicated, since the apparent agreement 
in the two reported cases does not preclude 
the possibility of different results in new 
subjects. In particular, it would be interest- 
ing to know whether any subjects with total 
color blindness exhibit a dissociation be- 
tween the behavior of their positive and 
negative waves, in a manner analogous to 
that of the congenitally night-blind subject 
in this study. 

Though new questions have been raised 
by the findings in the negative wave of the 
congenitally night-blind subject, the be- 
havior of the positive wave in this subject, 
and both positive and negative waves in the 
color-blind subject, followed a pattern con- 
sistent with previous investigations. This 
supports the assumption that the electro- 
retinogram, like other sources of data of 
visual function, may be studied as the re- 
sultant of photopic and scotopic activity. 


Summary 


A congenitally night-blind, a totally color- 


blind, and 


three normal subjects were 
studied electroretinographically with single- 
flash stimuli under identical conditions. The 
effect of increasing stimulus intensity and 
dark adaptation on the negative electroretino- 
graphic wave (a-wave) and positive wave 
(b-wave and/or x-wave) was investigated 
in each subject. 

The negative and positive waves (a-wave 
and b-wave) of the totally color-blind sub 
ject reflected exclusively scotopic activity, 
and the positive wave (x-wave) of the con- 
genitally night-blind subject reflected pho- 
topic activity. However, the negative wave 
(a-wave) of the night-blind subject demon- 
strated both scotopic and photopic activity, 
as in the normal subject. 
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The significance of these findings was dis- 
cussed. 


Ophthalmology Branch, National Institutes of 
Health. 
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Retinitis Pigmentosa, Acanthrocytosis, and 


Heredodegenerative Neuromuscular Disease 


ABRAHAM L. KORNZWEIG, M.D., and FRANK A. BASSEN, M.D., New York 


In a previous report! we presented the 
case of a 17-year-old girl with an atypical 
type of retinitis pigmentosa, progressive 
neuropathy, and a hitherto undescribed ab- 
normality of the red blood cells. 

The parents of the girl were first cousins, 
and, as far as could be determined, normal 
in all respects. It was felt that the symptoms 
and signs in this patient represented a clini- 
cal entity of an hereditary nature, since the 
red cell abnormality was also present in a 
younger brother. 

Shortly afterward, Singer et al.? reported 
a remarkably similar case and gave the 
descriptive term of acanthrocytes* to the 
abnormal red cells. The parents in this case 
were second cousins and also apparently 
normal in all respects. 

In both cases there was an early history 
of celiac disease and the neurological changes 
were similar. In Singer’s case, however, 
there were no retinal changes. 

The patient to be reported is the brother 
of our first case. At the time he was first 
found to have abnormal red cells there were 
minimal ocular changes but no other note- 
worthy findings. However, the disease has 
progressed, and, in view of the rarity of this 
condition, we felt that this patient’s case 
should be reported. 


Report of Case 


A white boy, born of Jewish parents, was 
first seen Feb. 13, 1948. He was then 9 
years old. A past history at that time 
revealed that he was born at term and 
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* Acanthous, spiny. 


weighed 5% Ib. (2610 gm.). Delivery was 
normal and noninstrumental. There was no 
jaundice or any other disease in the neonatal 
period. He developed celiac disease at the 
age of 9 months and recovered after one 
year of therapy. He sat up at 7 months, 
walked at 14 months, and started talking 
at 16 months. During childhood he had 
measles, mumps, pertussis, and chickenpox. 

His parents were first cousins, and he was 
their third and youngest child. He had one 
normal sister and one sister who, at the 
time he was first seen, was 17 years old 
and had the clinical picture already referred 
to. There was no history of familial eye 
disease or neurological disease on either side 
of the family. 

The patient, when first seen, had no com- 
plaints, either ocular or neurological. The 
vision was 20/25 in the right eye with a 
+1,00 cylinder at axis 115 degrees, The 
vision in the left eye was 20/20 with a 
+0.50 cylinder at axis 65 degrees, There 
was an exophoria under cover and poor 
convergence ; the near point varied from 160 
to 240 mm, The fundus examination showed 
a normal optic disc and macula, with normal 
retinal vessels. However, in the midperiph- 
ery pigmentary changes were noted, These 
consisted of areas of depigmentation and a 
few spots of pigmentary proliferation, An 
attempt was made to determine the periph- 
eral fields, and, even though cooperation was 
poor, a definite but irregular constriction 
was noted in the right eye but there was 
practically none in the left eye (Vig. 1). 

The boy was of moderate intelligence and 
was making good progress at school, and, 
because there were no obvious neurological 
signs or symptoms, no neurological examina- 
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Fig. 1.—Peripheral fields of vision of patient at the age of 9 years. There is a partial con- 


traction of the 


tion was made at this time. Blood smears, 
however, were made of the whole family 
because of the unusual red blood cells found 
in his sister. Abnormal red cells were found 
in the patient’s blood films. The count in 
general was normal except that it showed a 
slight anemia. Great numbers of the red 
cells, however, revealed unusual abnormali- 
ties in shape and to some extent in size 
(lig. 2). In general, they had a crenated 
appearance but of such a degree that they 
took on bizarre shapes, simulating small 


beetles, crabs, and turtles. Others were 


Fig. 2 
the red 
ordinary 
stained 


Appearance of 
cells on 
blood smear 
with Wright's 
Note the generally 
crenated appearance of 
the red cells and the 
variations in size. The 
deeply stained 
cells resembling sphero- 
cytes undergoing crena- 
tion stand out sharply. 


blood 


stain 


smaller, 


184 


eld for white in the right eye. The left eye appears normal. 


Some of the cells resembled 
spherocytes from which buds or pseudopods 
were protruding. Detailed hematological 
studies were not made on this patient, 
but in the two previously reported cases 
detailed studies failed to reveal anything 
to explain the red cell abnormality. Singer 
suggested that it is due to a mutant recessive 
allele for a gene which controls the normal 
architecture of the red cell. 

The patient was seen again in July, 1950. 
His vision with glasses was still very good 
—20/30 in each eye—but he had developed 


star-shaped. 
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a right exotropia and fixed chiefly with his 
left eye. The fundus examination showed a 
more marked pigmentary degeneration of 
the retina. Neurological symptoms had be- 
gun to appear. He had trouble walking, 
and he would suddenly “flop” and fall to the 
ground. These episodes were momentary 
and recurred daily. He was clumsy in using 
his hands and had difficulty in catching a 
baseball. He stuttered when talking. His 
bladder appeared to be weak. When he 
laughed he wet his underclothing. There 
were spells of giggling. 

A neurological examination was made by 
Dr. Morris Bender. His report disclosed 
numerous neurological and muscular dis- 
orders. There was inability to arise with 
ease from a reclining position. The gait was 
waddling and unsteady. There was marked 
lordosis and prominence of the abdomen. 
There was wasting of the muscles around 
the shoulder girdle and upper and lower 
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extremities. There was weakness of the 
muscles of all extremities, trunk, and neck. 
All the deep reflexes were absent and could 
not be obtained with reenforcement. There 
was a positive Romberg sign. There was 
ataxia in the performance of the heel-to- 
knee test and some ataxia in the finger-to- 
nose test. Dysdiadochokinesia was evident 
in both hands. Vibration sense was very 
much diminished to absent in all four ex- 
tremities. This was most marked distally 
and below the iliac crests. Position sense 
was impaired in the toes. There was glove- 
and-stocking type of hypesthesia. The 
speech was nasal. Hearing was slightly de- 
fective for high tones. 

Dr. Bender's opinion was that the patient 
had an heredodegenerative neuromuscular 
disorder, with signs of diffuse myeloneuro- 
pathy and muscular dystrophy. The etiology 
appeared to be familial. 

During the next few years the disease 
progressed both neurologically and ophthal- 


Fig. 3.—Fundus photographs of the right and 
left eyes showing the pallor of the disc and the 
marked narrowing of the retinal arteries. In the 
lower photograph a section of the midperiphery is 
seen, with a spot of pigmentary degeneration. 
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Fig. 4.—Peripheral fields at the age of 15 years, showing a complete ring scotoma in the 
right eye and a partial ring scotoma in the left eye. 


mologically. The optic dises were paler, and 
the retinal vessels were narrowed. Pig- 
mentary degeneration had advanced so that 
it was readily seen in midpheriphery (Fig. 
3). The fields of vision showed a complete 
ring scotoma in the right eye and a partial 
ring scotoma in the left eye (lig. 4). Vision 
with correction was still 20/30 in each eye, 
although the patient now had compound 
myopic astigmatism. He had been operated 
on for the right exotropia at Bethesda Hos- 
pital, Md. He now is incapable of going to 
school because of the ataxia and has to get 
instruction at home. His intelligence re- 
mains good, 

The blood picture has remainded un- 
changed since the original observation. He 
still has the same peculiar type of red blood 
cells. This has been checked as recently as 
March 3, 1956, eight years after the original 
observation. 

An_ electroretinographic examination of 
the entire family was done by Dr. Jerry 
Jacobson, at the New York Eye and Ear In- 
firmary, and revealed a complete absence 
of electrical response in the two affected 
children and a normal response in the 
parents and remaining child. 


Comment 


This is the third reported case of a rare 
hereditary disorder characterized in all three 
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cases, so far, by early celiac disease, pro- 
gressive ataxic neuropathy, and a peculiar 
malformation of the red blood cells. Two 
of the cases reported were brother and 
sister, and the parents were first cousins. 
In the third case the parents were second 
cousins; so it is believed that consanguinity 
plays an important role in the development 
of this unusual condition. The trait prob- 
ably occurs recessively in certain families 
and manifests itself with consanguinity. 

The development and course of the dis- 
order have been remarkably similar in all 
cases, with the important exception, how- 
ever, that there were no retinal changes in 
the case reported by Singer et al. In the 
brother and sister, retinitis pigmentosa 
occurred, without macular involvement in 
the boy and with macular degeneration in 
the girl. 

The neurological signs and symptoms ap- 
peared rather late in all the cases, and 
Singer et al. considered the possibility that 
they were a sequelae of the celiac syn- 
drome. However, we concur with their 
opinion that the neurological disorder prob- 
ably belongs to the group of hereditary 
ataxias, The red cell abnormality, which 
is striking, evidently is an inherent part of 
the over-all picture. The case herein re- 
ported has not been studied in a detailed 
hematological fashion, but the red cell ab- 
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normality appeared identical to that of the 
other cases described. Detailed hematologi- 
cal studies were made in the two previously 
reported cases, but nothing was found that 
contributed to our understanding of the 
malformations of the red cells. 

If reports of cases of this type are any 
indication of the prevalence of this disorder, 
it must be exceedingly uncommon. The 
prerequisites of consanguinity plus the pres- 
ence of the traits in both parents could ex- 
plain why this condition is so rarely seen. 
Whether other hereditary ataxic neurop- 
athies, as mentioned by Portier and asso- 
ciates, with or without the hematological 
changes, are related, cannot be stated.* Close 
attention to the appearance of the blood 
smear in related cases of ataxia or retinitis 
pigmentosa may bring more cases to the 
fore. 


Summary 


Another case is reported of a child born 
of consanguinous parents who showed the 
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development of a fairly typical retinitis 
pigmentosa, a diffuse heredodegenerative 
neuromuscular disorder, and a peculiar mal- 
formation of red blood cells, acanthrocytosis. 
The patient has been followed for eight 
years, during which time the neurological 
and ocular symptoms have progressed. The 
appearance of the red blood cells has _re- 
mained unchanged during the period of ob- 
servation. 


1 E. 63d St. (21). 
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Riley-Day Syndrome (Familial Dysautonomia) 


Concerning the Etiology of the Corneal Pathology; An Ocular Survey of Nine- 


teen Cases 


SUMNER D. LIEBMAN, M.D., Boston 


It is the purpose of this communication 
to discuss the possible causes and_treat- 
ments of the ocular manifestations of the 
Riley-Day syndrome. Children who have 
this disease invariably cry without tears and 
almost always have corneal hypesthesia or 
anesthesia, and some of them sleep with 
their eyes partially open, especially when 
they are acutely ill. Moreover, they are of- 
ten subject to bouts of very high fever, 
vomiting, diarrhea, bronchopneumonia, pro- 
fuse salivation, and sweating. Hereafter, 
for the purpose of convenience, these symp- 
toms will be referred to as “dehydration 
symptoms.” Furthermore, their food in- 
take is often subnormal, and therefore they 
may well be candidates for vitamin and 
nutritional deficiencies. 

In a recent paper, | * reported three cases 
representing three different types or degrees 
of corneal involvement in the Riley-Day 
syndrome.* The first case was that of severe 
ulceration and extensive opacification of 
the cornea, similar to the cases previously 
described by Dunnington.® The second case 
showed only a mild superficial disturbance 
in the corneal epithelium, without actual ul- 
ceration but with considerable turbidity of 
the corneal stroma. This lesion was located 
in the lower one-third of the cornea, in 
contrast to the first case, which was primari- 
ly central, The third case was discovered on 
routine examination of a child with known 
Riley-Day syndrome but with no previous 
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*A complete description of the syndrome can 
be found in a series of articles by Riley et al.*° 


188 


history or symptoms of ocular involvement. 
The cornea in this case showed only faint 
scarring inferiorly, just within the limbus, 
having the appearance of etched glass, and 
this scarring was detected only with the 
aid of a magnifying device. The variation 
in the severity of corneal involvement in 
these three patients prompted the present 
survey. It was hoped that such a study 
might elucidate etiologic factors and provide 
suggestions for their prevention and treat- 
ment. From the symptoms referred to 
above, the following factors might be ex- 
pected to play a role: (a) neurotrophic 
factors, as in neuroparalytic keratitis; (b) 
exposure; (c) dehydration; (d) vitamin A 
deficiency. 

The present survey includes 19 patients 
who were from 1% to 17 years of age. 
These children are all of Jewish extraction, 
and there is no sex predominance. The 
principal findings are summarized in_ the 
accompanying chart. They are arranged in 
the order in which they came to my atten- 
tion. The first three patients are described 
briefly above and have been presented re- 
cently in greater detail.'’ Patients 4 to 18 
were examined in New York with the per- 
mission of Dr. Conrad Riley, who also 
provided me with such details of the medi- 
cal history as are herein recorded. Patient 
14 was reported in detail by Dunnington ° 
as his Case 1. Case 19 has not been com- 
pletely accepted as having the Riley-Day 
syndrome. Wherever possible, the corneas 
were examined with the slit-lamp micro- 
scope. A few children were too young and 
too uncooperative for this procedure, and 
these were examined with the Zeiss loupe 
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History of exposure 
of corneas in +e + Ol 


sleep 


Defective 


are of particular interest: 


girl, there seems to be slight hypesthesia disease. 


not (Cases 8 and 16). 
(c) Three had the severe neuroparalytic — thesia. 


arrest the ulcerative process. 
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ing and the other (Case 6) is reported to was definite corneal 
have had corneal hypesthesia in childhood negative history for this exposure factor, 

and seems to have acquired corneal sen- (e) In five patients there was no history 
sation as she grew older. Even in this nor had there been any symptoms of ocular 


and flashlight. Corneal sensitivity was tested fourth to one-third of the cornea—that por- 
with a cotton wisp. The following points tion which might be exposed in sleep. Every 
child who was known to sleep with his eyes 

1. Ten of the nineteen patients showed open showed corneal scarring (except one, 
corneal pathology. Case 19, and this patient may not actually 

2. Analysis of these 10 patients shows have the syndrome). 
that (a) 8 of the 10 had corneal hypesthesia who had corneal scarring was known to 
or anesthesia. Of the two that did not, one sleep with his lids partially separated ex- 
(Case 5) was too young for adequate test- cept for two, Cases 6 and 14, where there 


Almost every child 


involvement with a 


The ocular involvement was dis- 


in the right eye. However, this patient’s covered for the first time in the course of 

right eye showed no pathology, and such this survey and consisted only of faint scar- 

scarring as was seen was in the left eye, ring within the lower limbus. 

where sensation was found to be normal! 3. In eight cases there was no corneal 
(b) Although 8 of the 10 children with pathology and analysis of these cases showed 

corneal pathology had bouts of fever, vomit- that: (a) six had definite dehydration symp- 

ing, perspiration, and dehydration, two did toms, some of them severe. 


One of these 


patients (Case 12) also had corneal hypes- 


Her mother states that this child 


type of keratitis involving primarily the was subject to seizures when she was 
central portions of the cornea (Cases 1, 14, younger and was observed to sleep with 
and 16). All three required lid suturing to her eyes open. The mother states that, as 
soon as she noted this, she attended the 

(d) In the seven mild cases there was child constantly when she was very ill and 
minimal, irregular scarring in the lower one- manually closed her lids. 
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(b) Four were children 3 years old or 
younger. | was unable to draw any definite 
conclusions as to their corneal sensitivity to 
touch, but it is most probable that eventually 
they will be found to have corneal hyp- 
esthesia, since this is an almost constant 
finding in this syndrome. Their failure to 
show corneal pathology may be due to the 
fact that they are so young, and if they 
are reexamined at a later date some of them 
may show corneal involvement. It is possi- 
ble that these four children may be too 
young to have had enough exposure. Finally, 
they may merely have a mild form of the 
syndrome. 

4. In every case, the history and examina- 
tion showed that the child cried without 
tears. However, many parents volunteered 
the information that the eyes were not 
absolutely dry and one could often see “a 
tear standing in the eye.” 

5. Two patients, Cases 6 and 14, who are 
17 and 12% years old, respectively, showed 
definite corneal hypesthesia in early life 
but have only very slight or no hypesthesia 
now, This suggests that the neurologic dis- 
turbance in familial dysautonomia may 
diminish with the passage of time. Perhaps 
this accounts for the fact that active corneal 
ulceration has not been found in children 
over 8 years old.?% 


Comment 


It is apparent that “dehydration symp- 
toms” alone are not responsible for the 
corneal pathology, since six children with 
severe dehydration symptoms no 
keratopathy and two with severe corneal 
involvement had no dehydration symptoms. 
Corneal hypesthesia and lack of tearing are 
the constant findings. Exposure during sleep 
and dehydration may be of some importance, 
but they are not constantly present. 

There are good reasons to think that we 
are dealing with a form of neuroparalytic 
keratitis. Kroop* has shown that 3 mg. of 
methacholine (Mecholyl) chloride injected 
subcutaneously will produce tearing in chil- 
dren with Riley-Day syndrome, and this sug- 
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gests that the lacrimal gland must be normal 
and the fault must lie in its innervation. 
According to Berliner,*® neuroparalytic 
keratitis follows a disturbance of the 
trigeminal nerve supply to the cornea and 
the site of the lesion may be ganglionic, in- 
fraganglionic, or supraganglionic. There 
may be slight epithelial edema or severe 
exfoliative destruction of the epithelium, 
ulceration, and even necrosis of the entire 
cornea. Of course, there is corneal anes- 
thesia, and the indolent keratitis has often 
been attributed to trophic interference with 
normal epithelial cellular metabolism. Ac- 
cording to Adler,’ the function of tearing 
is innervated by the lacrimal branch of the 
fifth nerve, the sympathetic nerve, and the 
great superficial petrosal nerve (derived 
from the facial). The following clinical 
observations are therefore appropriate : 

1. Total ablation of the Gasserian ganglion 
or transection of the sensory root of the 
trigeminal nerve does not produce a reduc- 
tion in tear formation and does not neces- 
sarily result in a_ keratitis, when the 
ganglion is approached intradurally and the 
greater superficial petrosal nerve is spared, 
according to Dandy.’ 

2. A defect in the sympathetic innervation 
to the eye, as in Horner's syndrome, is not 
known to produce either keratitis or defec- 
tive lacrimation. Mutch™ stated that no 
interference with weeping occurs with uni- 
lateral or bilateral section of the cervical 
sympathetic. 

3. Surgical transection of the great super- 
ficial petrosal nerve alone is said by John- 
son'* to produce a dry eye but not 
keratitis. 

Verhoeff ° therefore suggests that the 
sine qua non for neuroparalytic keratitis is 
damage to both the sensory root of the fifth 
cranial nerve and the great superficial 
petrosal nerve. This denervates the lacrimal 
gland and results in a dry anesthetic eye. 

Similar reasoning might be applied to the 
keratitis of familial dysautonomia; however, 
it is difficult to be certain of the exact 
nature and localization of lesions produced 
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by neurosurgical procedutes without de- 
tailed postmortem pathologic studies. More- 
over, since there is marked diminution in 
both psychic and reflex tearing in this syn- 


drome, a supranuclear lesion would be more - 


likely than a peripheral one. Also, because 
of the widespread nature of the systemic 
signs and symptoms, Riley ** considers that 
the defect is probably central rather than 
peripheral. 

Segall?" described two children who 
cried without tears and had bilateral corneal 
pathology similar to that of Dunnington’s 
cases and my Case 1 as having “congenital 
neuroparalytic keratitis.” His cases had 
multiple developmental anomalies. Walsh ™* 
stated that he had had no experience with 
neuroparalytic keratitis in congenital paraly- 
sis of the fifth nerve. 

Concerning exposure keratitis, Berliner ® 
® says, “Exposure keratitis is associated with 
orbicularis oculi paralysis induced by af- 
fections of the facial nerve, or with faulty 
closure of the eyelid in exophthalmos, 
ectropion, eyelid cicatrices, and coma. The 
imperfect closure of the eyelids leaves the 
mucous surfaces in prolonged contact with 
the air and results in overevaporation of 
the tear fluid with consequent desiccation 
of the epithelium. Degeneration of the 
epithelium is followed by xerosis. The early 
biomicroscopic picture usually seen is that 
of a delicate, punctate epithelial haziness, 
appearing especially in the lower parts of 
the cornea as a horizontal band of epithelial 
edema with eventual fissuring and exfolia- 
tion of the epithelium.” Without question, 
the milder cases herein described resemble 
exposure keratitis. There is certainly some, 
but not complete, correlation between the 
exposure of the corneas in sleep and the 
incidence of corneal scarring in my series. 

The question of vitamin A deficiency is 
an important one, for these eyes frequently 
show the absence of redness and the lack- 
luster of the corneal epithelium so charac- 
teristic of keratomalacia due to vitamin A 
deficiency. In the past, cystic fibrosis of the 
pancreas was associated with vitamin A 
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deficiency. In recent years, clinical vitamin 
A deficiency has not been seen in children 
with cystic fibrosis of the pancreas,’® in all 
probability owing to the almost universal 
administration of watermiscible vitamin A. 
In a number of instances, children with 
Riley-Day syndrome were seriously con- 
sidered to have cystic fibrosis, because these 
conditions have many features in common, 
such as chronic respiratory infection, failure 
to thrive, diarrhea, etc. In my Case 1 there 
was no clinical evidence of vitamin A de- 
ficiency (vitamin-A-absorption curves and 
dermatologic consultation), The autopsy 
showed no evidence of pancreatic fibrosis. 

Congenital alacrimia is the absence of the 
secretion of tears persisting beyond the first 
few years of life. It can occur in otherwise 
healthy infants. Sjogren® described this 
in persons who later developed keratocon- 
junctivitis sicca (with or without associated 
nerve palsies). As a symptom, it is, of 
course, also present in the Riley-Day syn- 
drome. 

While the corneal pathology, especially in 
its mild form, is not necessarily diagnostic, 
its presence in a poorly-developing infant 
should suggest the possibility of familial 
dysautonomia. 


Ophthalmologic Management 


Since hypesthesia, defective lacrimation, 
and exposure seem to be the common 
denominators in the various types of in- 
volvement, treatment should be directed to- 
ward minimizing these three factors. Liberal 
instillations of a tear substitute (0.33% 
methylcellulose) by day and a bland oint- 
ment (petrolatum) at night are indicated. 
These simple measures should be carried 
out whenever there is any suggestion of 
corneal pathology. An antibiotic can be 
used locally to prevent or combat secondary 
infection. Sealing the upper and lower 
puncta to conserve whatever moisture is 
present may be indicated in certain cases. 

If the response to these conservative 
measures is not prompt, early protection of 
the cornea by a conjunctival flap or lid 
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adhesion should not be delayed. The severe 
neuroparalytic type of corneal involvement 
may proceed extremely rapidly. Belated 
surgical treatment may arrest the process, 
but dense extensive scarring with marked 
visual loss may result. 


Inasmuch as the eyes of these patients 
are anesthetic in varying degrees, the haz- 
ards of undetected foreign bodies or corneal 
abrasions are obvious. It is most important, 
therefore, to avoid these injuries wherever 
possible and to secure prompt treatment 
when they occur. 


Summary 


A survey of 19 patients with the Riley- 
Day syndrome has been made, with emphasis 
on possible factors contributing to the 
etiology of the ocular lesions. Ten of the 
nineteen patients showed some _ corneal 
pathology. Of these, three were of the severe 
neuroparalytic keratitis variety and seven 
showed minimal superficial scarring in the 
lower one-third of the cornea, more sug- 
gestive of exposure keratitis. There were 
two patients with corneal involvement who 
had none of the “dehydration symptoms.” 
Apparently, fifth nerve weakness, with 
corneal anesthesia, diminished lacrimation, 
and possible “trophic disturbances,” is fun- 
damental to the development of the lesion. 
Exposure of the corneas in sleep and “de- 
hydration symptoms” may play a secondary 
role. Treatment should be directed toward 
minimizing these various factors by the 
instillation of 0.33% methylcellulose drops 
in the daytime and a bland ointment at 
night. In very severe cases, tarsorrhaphy 
may be urgently required. 

Drs. William Berenberg, Conrad Riley, Harry 
Shwachman, and Frederick Verhoeff gave assist- 
ance in the preparation of this communication. 


115 Bay State Rd. (15). 
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The Toxic Effect of Sodium L-Glutamate on the 


Inner Layers of the Retina 


D. R. LUCAS, M.D., and J. P. NEWHOUSE, B.Sc., London, England 


i-Glutamic acid and its sodium salt have 
been widely used in the oral treatment of 
petit mal and mental deficiency (e. g., 
Zimmerman, Burgemeister, and Putnam, 
1949; Milliken and Standen, 1951). Single 
doses of 20-30 gm. have also been adminis- 
tered intravenously without permanent ill- 
effects (Sapirstein, 1943; Elman, 1946; 
Mayer-Gross and Walker, 1949; Weil-Mal- 
herbe, 1949). 

During an investigation of the influence 
of various substances of biochemical im- 
portance upon the progress in the mouse of 
an hereditary retinal dystrophy it was ob- 
served that the parenteral administration of 
sodium L-glutamate damaged the inner lay- 
ers of the retina, which are not themselves 
involved in the genetic lesion. Since this 
lesion could also be produced in normal 
mice, a limited study was made of its his- 
tological development and the conditions 
necessary for its appearance in mouselings 
and adults of the Strong A2 (Glaxo) strain. 
Among substances related chemically or 
physiologically to glutamate, which were also 
tested, only sodium L-aspartate had a simi- 
lar effect. 


Methods and Materials 


Animals.—All work was performed on an 
inbred colony of Strong A2 (Glaxo) mice, 
fed throughout on rat cake Diet 41 (Bruce 
and Parkes, 1949). Adult mice — used 
weighed 15-36 gm.; suckling mice, from 
litters of five to eight animals, when de- 
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stroyed for histological purposes at 17 days, 
weighed 5-7 gm. 

Substances Administered.—These  con- 
sisted of (1) L-glutamic acid; (2) L-glu- 
tamic acid, sodium salt monohydrate; (3) 
e-ketoglutaric acid, sodium salt; (4) L- 
aspartic acid, sodium salt; (5) L-glutamine ; 
(6) ammonium carbonate; (7) epinephrine 
hydrochloride solution, 0.1% (w/v); (8) 
adenosinetriphosphate, sodium salt (ATP); 
(9) methanol; (10) quinine dihydrochlo- 
ride, solution 20% (w/v); (11) 2,4-dini- 
trophenol, sodium salt. 

The materials were made up in 0.85% 
saline or Krebs-Ringer solution and brought 
to pH 7.4 with phosphate buffer. Concen- 
trations were adjusted to give injection 
volumes of 0.01-0.20 ml. in the mouselings 
and 0,5-1.2 ml. in the adults. Administra- 
tion was subcutaneous unless otherwise 
specified. 

Treatment.—To produce a severe retinal 
lesion by a single injection, a dosage of 
glutamate a little less than lethal was needed. 
This method proved suitable in the adult, 
but a course of injections at a lower level 
in the suckling mouse gave the same result 
with fewer casualties. A similar system of 
dosage was used in testing the other com- 
pounds upon adult and young mice. The 
latter were particularly liable to overdosage 
during their first 10 days of life and hence 
usually received during this period a smaller 
dosage (milligrams per gram of body 
weight) than that administered between 11 
and 17 days. 

Administration During Growth (Table 
1).—(1) Glutamate: (a) To test the possi- 
bility that sodium glutamate might reach 
the fetus or suckling in effective quantity 
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to Mouselings Aged Two to Sixteen Days 
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Substances, Mg./Gm. Body Weight 


"Sodium L- Sodium L- L-Glutamine * Epinephrine Ammonium 
Glutamate Aspartate arbonate 
Age, Sore & weight, t gm. 
2.20 0.50 1.10 0.004 0.20 
6 (4.28) 4.70 0.90 2.40 0.006 0.20 
16 (5.50) 5, 
Total dose, meg. 20 
Animals 
use 70 7 19 ll 
Survivors for hist. study, No. Bi 5 10 5 
Age when killed, days 2-40 7 17 17 17 


* Dose saves in two oni portions, six hours apart. 
1 Mean value based on five litters comprising 27 mouselings. 
t Typical total dose given between 2 and 16 days. 


from the mother adult females received this 
substance parenterally, in doses of 40 mg. 
per day, throughout gestation, lactation, or 
both; the 40 mouselings which were born 
received no special treatment but were ex- 
amined at birth or 17 days later, 

(b) For study of the lesion at various 
stages of development, some 70 mouselings 
were treated daily with sodium glutamate, 
according to the dosage schedule shown 
(Table 1); the 39 survivors were examined 
at ages of between 2 and 40 days. All were 
treated from 2 to 17 days, except 5 which 
were treated from 2 to 11 days and 4 which 
were treated from 11 to 17 days; these 9 
were all examined at 17 days. The dosage 
schedule in Table 1 corresponds to a daily 
increment of 1.5-2.0 mg. sodium glutamate. 


_ 2.—Dosage of Substances Administered to Adult Mice 


Typical doses (in milligrams) given at 
various ages (days, in parentheses) were as 
follows: 2 (4); 12 (6); 20 (10); 26 (13); 
30 (16). 

(2) Other Substances: Particulars of 
dosage used of sodium aspartate, glutamine, 
epinephrine, and ammonium carbonate are 
given in Table 1. 


Administration in Adult Life.—Details of 
the animals treated with glutamate and other 
substances are given in Table 2. 

Histological Processing.—All_ the eyes 
were fixed intact in acid Zenker’s fluid. 
After they were embedded in paraffin wax, 
sections were cut at 54 to 6. Routine stain- 
ing was with Erhlich’s hematoxylin and eo- 
sin Y method; 


a few sections were also 


Substance 


Sodium L-glutamate...... 8C 
Ad inetriphosphate, sodium salt............ IP 
Sodium a-ketoglutarate.................. 8c 
Ammonium carbonate... IP 
Dinitrophenol, sodium galt... IP 


Route * 


Survivors Examined 


istologically 
Dosage,t Mice, No. Mice, No, Time After Last 
Body , Days 


4.0 3 3 
6.0 y 7 1 hr.~ 21 days 
8.0 12 7 
10.0 3 - 
30-40 j » 28 
10-15 6 6 1-10 
0.5°* 6 1 0 
2.0 5 5 1 
5.2-68 5 4 10 
0.31 a¢ 10 
0.0165 4 4 il 
8.0—10.0 15 5 3-11 
0.359 s 6 3-11 


* 8C, subcutaneous; IP, intraperitoneal. 
t Animals received single doses unless otherwise stated. 


t Four received 12 doses and four received 24 doses on successive da 


ays. 
These animals were mothers of litters mentioned in Table | and received 30-120 doses. 
Three doses were given, one hour before, one hour after, and simultaneously with a single injection (SC) of sodium L-glutamate 


8.0 gm. 


€ These mice simultaneously received a single injection (SC) of sodium L-glutamate 4.0 mg/gm. 


# Dosage based on Hunt (1904). 
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stained with Mallory’s phosphotungstic acid 
and hematoxylin method. 


Results 

Suckling Mice.—(1) Effect of Sodium L- 
Glutamate: At birth the newborn mouse 
retina consists of a layer of ovoid nuclei 
some 65 thick separated from two to three 
rows of ganglion-cell precursors by the in- 
ner fiber layer, which is some 12y thick. 
By about six days after birth the ganglion 
cells have formed a single even row of cells. 
As seen in section, ganglion cells appear to 
vary considerably in size; in the adult, their 
nuclei range from 4p to 8» in diameter. 
From birth the cytoplasm of the ganglion 
cells is strongly basophilic. 

While the ganglion-cell layer is differen- 
tiating, the inner nuclear layer becomes 
separated from the outer nuclear layer and 
the inner fiber layer increases rapidly in 
thickness until, by 17 days after birth, it 
is 30 thick. Mitotic figures are not seen 
in the differentiating inner nuclear layer. 
The inner nuclear layer can be distinguished 
from the outer layer from about six days 
after birth in the area centralis, and the 
two layers are completely separated at about 
eight days. 

Treatment of the mother alone with 
glutamate, either orally or parenterally, 
during gestation and lactation had no dem- 
onstrable effect on the retina at birth or sub- 
sequently, but treatment of the suckling mice 
themselves regularly resulted in severe 
retinal damage. Mice aged 2 to 4 days which 
were examined a few hours after injection 
on those days, showed pycnotic nuclei along 
the inner border of the future inner nuclear 
layer. Numbers of ganglion-cell nuclei 
were pycnotic or showed rather pale stain- 
ing of the nuclear chromatin network, and 
there was concomitant cytoplasmic shrink- 
age and loss of normal basophilic staining. 
In the 4-day-old mice these changes were 
conspicuous (Fig. 2). By six to eight days 
after birth, the number of ganglion cells 
was substantially reduced and the inner nu- 
clear layer was only half of its normal 
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thickness at this age. The inner fiber layer, 
instead of growing, disappeared altogether 
by 8 to 10 days after birth. The remaining 
inner layer and ganglion cells gradually 
diminished, until by 17 days after birth 
only occasional cells remained. The outer 
nuclear layer was little affected, and dif- 
ferentiation of the visual cells proceeded al- 
most normally, although the final number of 
rows of nuclei appeared slightly reduced. 
The only abnormality noted was the oc- 
casional eruption of groups of visual-cell 
nuclei through the outer limiting membrane 
to form mushroom-like protuberances 
among the rods themselves. This disturbance 
was first noted 10 days after birth and was 
sometimes severe enough to produce an 
appearance of arcading (Fig. 6), but the 
pigmented epithelium was never involved 
as in arcading due to chorioretinitis. 

The optic nerve appeared much thinner 
in hematoxylin-and-eosin-stained sections in 
the treated animals than in the controls. 

The mice treated up to 11 days after 
birth showed a similar picture, but a few 
more inner-layer and ganglion cells were 
preserved, The four survivors treated from 
11 to 16 days after birth showed a still less 
severe picture. The inner layer was half its 
normal thickness, and numbers of recog- 
nizable ganglion cells were present. The 
outer nuclear layer was unaffected in both 
these groups treated over short periods. 

Both litters and mothers withstood the 
routine treatment fairly well, though show- 
ing nervousness and tremor soon after in- 
jection. Larger doses (8-10 mg/gm.) often 
produced convulsions followed by a state of 
prostration, a finding similar to that of 
Goodman, Swinyard, and Toman (1946), 
who observed that a dosage of 8 mg/gm. 
given intraperitoneally to cats caused hy- 
perpnea, seizures, and death, 

(2) Effect of Other Substances Tested : 
Sodium L-aspartate. Three of the five ani- 
mals receiving aspartate showed minimal 
lesions at the periphery of the retina. These 
lesions appeared to be identical in nature 
with the glutamate-induced lesion, although 
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Plate I 


Fig. 1.—Normal mouse retina four days after birth; >< 290. All sections were stained 
with hematoxylin and 

Fig. 2.—Retina of 4-day-old mouse after injections of 4 and 8 mg. of sodium glutamate 
on the secoml and fourth days, showing pyenotic nuclei in inner border and among ganglion 
cells; 290. 

Fig. 3.—Normal mouse retina eight days after birth; >< 290. 

Fig. 4.—Retina of 8-day-old mouse after daily injections of sodium glutamate, showing 
severe damage to the inner layers; 290. 

Fig. 5.—Normal mouse retina 17 days after birth; x 290. 

Fig. 6.—Retina of 17-day-old mouse after daily injections of sodium glutamate, showing 
survival of only the outer nuclear layer with irregular protrusions of visual cells through 
the outer limiting membrane; > 290, 
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Plate II 


Fig. 7.—Group of normal adult retinal ganglion cells; >< 1000. 

Fig. 8.—Group of adult retinal ganglion cells one hour after injection of 8 mg/gm. of 
sodium glutamate; two show chromatolysis and one has a pycnotic nucleus; > 1000. 

Fig. 9.—Adult retina one day afier injection of 8 mg/gm. of sodium glutamate, showing 
pyenotic nuclei in the ganglion-cell layer and inner nuclear layer and vacuolation of the 
inner fiber layer; X 290. 

Fig. 10.—Adult retina 12 days after injection of 8 mg/gm. of sodium glutamate, showing 
severe destruction of the inner fiber layer and ganglion cells; 290 

Fig. 11.—Ora serrata of normal adult; X 290. 

Fig. 12—Ora serrata 15 days after single injection of 6.0 ms/gm. of sodium glutamate 
(area centralis of this mouse was unaffected); 290. 
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much more limited in extent. The remain- 
ing two animals showed no definite retinal 
abnormality, 


Glutamine and epinephrine. None of the 
animals receiving these substances showed 
any demonstrable retinal abnormality. 

Ammonium carbonate, This material was 
poorly tolerated; the animals tended to lose 
weight under treatment and to die before 
17 days. None of the survivors showed 
any retinal abnormality. 

Adult Mice.—(1) Effects of Sodium L- 
Glutamate: As in the suckling mice, the ef- 
fect of sodium glutamate on the retina was 
manifested histologically as partial necrosis 
of the ganglion cells and inner-nuclear-layer 
cells. The periphery of the retina was 
regularly affected, but the central area 
sometimes escaped damage. The cells of the 
internal surface of the inner nuclear layer 
were more susceptible than those of the 
external surface. Even in the severely af- 
fected animals, complete destruction of the 
inner nuclear layer, as seen in the sucklings, 
did not occur. 

Pathological changes were seen in the 
mouse killed 30 minutes after receiving 8 
mg/gm.; in one, killed after 60 minutes, and 
in another, which died after 55 minutes, 
there were well-marked changes. The early 
changes seen were nuclear pycnosis both of 
the inner-layer and ganglion cells; the lat- 
ter also showed loss of cytoplasmic staining. 
The inner fiber layer lost its characteristic 
reticulated appearance and became vacuo- 
lated. The outer fiber layer showed similar, 
but less well-marked, changes. Little change 
occurred during the next few days, but be- 
tween 5 and 10 days after injection most 
of the necrotic tissue disappeared; there was 
no evidence of phagocytic removal such as 
occurs in the rabbit retina after destruction 
of the outer nuclear layer by iodoacetic acid 
( Karli, 1954). 

The optic nerve was not systematically 
studied, but in several severely affected ani- 
mals examined 12 to 15 days after receiving 
8 mg/gm. of sodium glutamate, the fiber 
bundles in the papilla were found to be 
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narrowed and the number of glial cells was 
increased. 


The lesions produced by repeated doses 
do not require separate description, since 
they did not differ from the appearance 
found two to three weeks after a single 
injection. 

The mouse surviving simultaneous treat- 
ment with sodium glutamate and ATP 
showed a severe retinal lesion identical with 
that seen after glutamate alone. Control 
animals receiving ATP alone were unaf- 
fected. 

The histological changes varied rather 
widely at any given dosage level. The sur- 
vivors of single doses of different magni- 
tude have been classified into three grades 
of severity in Table 3. In the least severely 
affected, the lesion was so slight as to be 
only just recognizable at the ora serrata. 
In the severely affected, the damage in- 
volved the area centralis. The remaining 
grade was of intermediate severity. 

The effects of the repeated doses cannot 
be compared accurately, since the dosage 
was not adjusted to body weight during 
the period of treatment. However, the 
weights of the animals when killed were 
recorded; so an approximate calculation is 
possible. Only one of the four animals 
receiving 12 doses of 100 mg. showed a 
lesion of moderate severity, but all the ani- 
mals receiving 24 doses of 100 mg. (3.0 
to 4.0 mg/gm.) were affected to a mild 
degree. 

None of the mice which received a dose 


of 40 mg. (1.0 to 1.5 mg/gm.) daily over 
long periods was affected. 


TABLE 3.—Results of Single Doses of Sodium 
L-Glutamate in Adult Mice 


Animals, No. 


e, Not Severity of Lesion* 
Mg./Gm, Affected . 
+ ++ +++ 
4 1 2 0 0 
6 2 3 1 1 
s 0 0 3 5 


*+, The slightest detectable lesion; ++, lesion confined to 
the periphery; ++-+-, lesion involving area centralis. 
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The mice treated with sodium glutamate 
and ammonium carbonate showed no retinal 
abnormality. 

(2) Other Substances: The survivors in 
Table 2, after treatment with sodium a-keto- 
glutarate, quinine, or methanol, showed no 
histological abnormality. 


Comment 


The toxic action of sodium L-glutamate 
upon the retina does not appear to have been 
previously reported. The effect develops 
rapidly: Typical changes appear in the gan- 
glion cells and inner nuclear layer of the 
mouse retina within 30 minutes after injec- 
tion. Sublethal dosage is required to pro- 
duce a lesion of consistent severity. The 
developing tissue (age 2 to 10 days) 
seems more sensitive than that of the older 
mouse, 


Other agents reputed to produce compar- 
able retinal lesions in various mammals 
proved ineffective when given in maximal 
dosage to the adult mouse. Methanol is 
reputed to damage the ganglion cells and 
optic nerves of mice (Weese, 1928; 
Harada, 1937), but the validity of these 
findings has recently been questioned by 
Gilger and Potts (1955) on technical 
grounds. While quinine appears to cause 
a similar lesion in the cat, dog, and rabbit 
(Holden, 1898; Birch-Hirschfeld, 1900; 
Druault, 1902), the present negative find- 
ings agree with those reported by Druault 
in the mouse. 

The inner layers of the retina in structure 
resemble cerebral tissue, in which the func- 
tions of glutamate have been studied inten- 
sively. Though both tissues readily absorp 
glutamate from a_ glucose-saline medium 
(Stern, Eggleston, Hems, and Krebs, 
1949), the content of this constituent is 
closely regulated in the brain of the intact 
animal. Schwerin, Bessman, and Waelsch 
(1950) and other investigators have shown 
that a dosage of sodium L-glutamate (1-2 
mg/gm. body weight) capable of producing 
blood glutamate levels many times greater 
than those of brain or retina has little effect 
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on the cerebral content in rats or mice. 
The chemical and pathological reactions of 
the retina in animals so treated have not 
been reported. 

Possible Modes of Toxic Action—Three 
possibilities arise : 

1. Indirect Effect: That this substance 
acts indirectly via adrenal stimulation (cf., 
Weil-Malherbe, 1949) seems unlikely, since 
epinephrine and substances that excite its 
secretion, such as glycine and p-aminoben- 
zoic acid, were not injurious to the mouse 
retina. Large doses of the immediate metab- 
olites of glutamate were equally ineffective, 
apart from aspartate, which is readily con- 
verted into glutamate by transamination in 
the isolated tissue (Terner, Eggleston, and 
Krebs, 1950). Such findings, though not 
conclusive, suggest that the lesion arises 
from the properties of glutamate itself. 

2. Interference with Ionic Exchange : The 
in vitro studies of Terner et al. (1950) 
indicate that L-glutamic acid is unique 
among amino acids in its ability to maintain 
the high retinal concentration of potassium. 
3oth ions are absorbed in approximately 
equivalent quantities, and the process is de- 
pendent on glucose breakdown. A massive 
dosage (6-8 mg/gm.) of sodium glutamate 
could be expected to cause some simultane- 
ous increase in the retinal uptake of both 
these ions. Their association in excessive 
amounts within the tissue could then con- 
ceivably interfere with the outstanding level 
of potassium turnover that accompanies 
functional activity in retina, Each substance 
is known to promote acetylcholine synthesis 
in both brain and retinal preparations, but 
excessive potassium has the reverse effect 
and can, in some circumstances, inhibit 
ganglionic discharge. 

3. Interference with Carbohydrate Me- 
tabolism : On addition to brain slices, sodium 
glutamate (0.01 M) causes a depression in 
anaerobic glycolysis which becomes maximal 
by one hour, after which further uptake of 
glutamate ceases (Weil-Malherbe, 1938; 
Stern et al., 1949). This effect is abolished 
by adding adenosinetriphosphate. In retina 
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exposed to the same condition, the glycolytic 
inhibition is far smaller (0%-6%) but the 
concentration of glutamate (0.01 M) used 
in these earlier studies was not great, being 
perhaps a 10th of that feasible in the plasma 
of the injected animal. Current investiga- 
tions indicate that anaerobic glycolysis in 
the excised retinae of mice killed one hour 
after glutamate injection is about a third 
lower than that of a control group, whereas 
respiration with pyruvate as substrate is 
unaffected. 

An unusual property of glutamate, which 
it shares with potassium salts and 2,4-dini- 
trophenol, is its ability to maintain a high 
rate of respiration in brain and retina. The 
accompanying breakdown of carbohydrate 
does not, however, serve a useful purpose 
by providing energy for the synthesis 
of high-energy-phosphate-bond compounds 
necessary for functional activity. Indeed, 
all three substances when added to brain 
slices actually reduce the content of such 
products (Mcllwain, 1951; 1952). Not only 
glycolysis and acetylcholine formation but 
also other important enzymatic processes, 
such as potassium transport and the glutam- 
inase glutamotransferase reactions, 
are dependent upon supplies of adenosine- 
triphosphate. That certain inner layers 
show an unusual degree of lactic dehydro- 
genase (Lowry, 1955) and cholinesterase 
activity (Francis, 1953) is indicative of the 
special functions occurring in this region. 
The reactions named would almost certainly 
be affected by a deficiency of high-energy 
phosphate compounds if glutamate is as 
effective against their synthesis in retina as 
it is in brain. Against this hypothesis are 
the facts that parenteral dinitrophenol did 
not produce a glutamate-type lesion in the 
mouse and that administration of ATP with 
glutamate did not prevent its usual occur- 
rence. Whether these substances are able 
to penetrate to the inner layers of retina 
is unknown, 


Summary 


Subcutaneous administration of sodium 
L-glutamate (4-8 mg/gm. body weight) 
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damaged the retina of albino mice. Necrotic 
changes affected the ganglion cells, inner 
fiber layer, and some of the bipolar cells 
within a few hours of injection; the visual- 
cell layer was not affected. In very young 
animals, damage to the inner layers was 
more extensive and groups of rod cells pro- 
truded through the outer limiting membrane. 

Sodium L-aspartate (1.27 mg/gm. body 
weight) produced a similar but less severe 
lesion when given subcutaneously to very 
young animals. 

L-Glutamine, sodium a-ketoglutarate, 2,4- 
dinitrophenol, epinephrine, or ammonium 
salts in large dosage had no similar effect 
in adult mice. Claims that quinine and 
methanol damage the inner retinal layers 
in adult mice could not be confirmed. 

Various biochemical systems known to be 
influenced by glutamate, e. g., glycolysis and 
potassium transport, are discussed in rela- 
tion to the mechanism of the effect. 

Prof, P. C. Koller and Prof. H. MclIlwain gave 
advice in the present work, and Mrs. Doris B. 
Hatton, Mrs. Toby Necci, and Miss Diana Tre- 
main gave technical assistance. 

Lincoln’s Inn Fields (W. C. 2). 
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Experimental Study 


JAMES E. McDONALD, M.D., Oak Park, Ill. 


Considerable confusion exists in the lit- 
erature with regard to the events leading to 
the closure of a penetrating corneal wound, 
including both early and late changes. 
Among early components of wound healing 
are included those factors operative within 
the first hour after the penetrating wound. 
These include: (1) mechanical alterations 
in the cornea as a result of physical stress, 
(2) the role of fibrin, and (3) edema. 
Eliminated from consideration of early 
changes are appreciable effects of such com- 
ponents as epithelial proliferation, endothe- 
lial proliferation and regeneration of 
Descemet’s membrane, and fibroblastic re- 
pair, Although there is a sizable body of 
literature on this subject of corneal wound 
healing, there is little effort to concentrate 
on what occurs in a corneal wound during 
the period immediately after the injury. 

As regards the mechanical factor, there 
seems to be considerable disagreement as to 
what actually occurs. Parsons ' stated, “the 
wound is rapidly closed by apposition of 
the edges.” Duke-Elder? said that, “the 
edges of the wound tend to remain opposed 
in the deeper parts and only the superficial 
portions tend to gape. Immediately the 
wound is made, imbibition of fluid makes 
the edges swell and turn opaque, thus to- 
gether with the outpouring of exudate mate- 
rial tends to bring the wound edges in 
apposition. When the edges of the wound 
are in apposition, coaptation first occurs in 
the central area while anteriorly and pos- 
teriorly the peripheral part is retracted by 
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the elasticity of the tissue and tends to gape, 
leaving an anterior and posterior triangle 
where the lips of the wound pout apart.” 
Weinstein seemed to appreciate the re- 
traction of Descemet’s membrane and the 
posterior corneal lamellae in the rabbit. 
Samuels * discussed the very important role 
of Descemet’s membrane and its tendency to 
retract after penetrating incisions. Dun- 
nington® mentioned that “in the initial 
stages the normal retractivity of the tissues 
produces separation of the anterior and 
posterior edges of the wound.” 

The role of fibrin in closure of corneal 
wounds in the rabbit has been appreciated 
by Weinstein,’ Brown and Nantz,® Tass- 
man,’ and, more recently, by Binder and 
Binder.’ Parsons! and Gradle*® seemed to 
consider the role of fibrin as important in 
corneal healing of the human. However, 
opinion has been given by many authors 
that fibrin has no role in human healing,’ 
a very questionable role,* or even a detri- 
mental effect on the healing process.’° The 
basis of the first two opinions that fibrin 
is unimportant seems to be that the primary 
aqueous in the human contains traces ™ or 
no® fibrinogen. However, in a gaping 
draining corneal wound, we are not con- 
cerned with the protein content of the pri- 
mary but with that of the secondary 
aqueous. The protein increase of human 
secondary aqueous is generally reported as 
small compared with animals.'** The abil- 
ity of human secondary aqueous to clot is 
also disagreed upon, although there is gen- 
eral agreement on the coagulability of rabbit 
aqueous,"* 

The chronology of stromal edema which 
occurs after penetrating wounds is not well 
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assessed in the literature. Cogan’ men- 
tioned that edema increases and reaches its 
maximum within the first two hours, but 
these observations are concerned only with 
endothelial wounds. Duke-Elder? stated 
that “immediately the wound is made, imbi- 
bition of fluid by the corneal lamellae makes 
the edges swell and turn opaque. Together 
with the outpouring of exudative material, 
this tends to bring the edges into apposi- 
tion. If the wound is oblique and valvular, 
coaptation is rapid, and in favorable circum- 
stances cohesion may be sufficient to with- 
stand the intraocular pressure within 
one-half hour.” Dunnington® stated, “My 
experiments as well as those of Ashton and 
Cook have confirmed the earlier observa- 
tions that primary closure of any corneal 
incision is affected through swelling of the 
corneal lamellae produced in large part by 
imbibition of aqueous humor.” 

In view of the uncertainty of the impor- 
tance and sequence of the early components 
of corneal wound healing, experiments were 
designed to observe the course of healing 
of corneal incisions, with and without the 
presence of fibrin, in several species of 
animals including man. 


Healing of Corneal Incision in Rabbits 


A central horizontal corneal incision 5 
mm, long and penetrating into the anterior 
chamber was made on a series of rabbit 
eyes. These eyes had been previously 
treated with 1 drop of topical tetracaine 
(Pontocaine) hydrochloride for anesthesia. 


McDonald 


The events occurring in each eye during the 
course of the first hour were continuously 
observed with the high-power ocular in a 
Universal slit lamp. Photographs were made 
and representative eyes were removed for 
histologic section at intervals during this 
hour. 

Immediately after the incision was made, 
the anterior chamber collapsed, the collapse 
being complete except at the immediate 
junction of the pupillary margin with the 
lens, where a fine separation of the lens 
and the cornea could be made out with the 
fine beam and the high-power ocular, The 
edges of the wound took on a gray-white 
color which could be seen by direct exam- 
ination with the hand light as well as with 
the slit lamp. The edges of the wound 
under the slit lamp showed a laminated 
appearance similar to that seen in lamellar 
separation in an intumescent cataract. This 
lamellar appearance assumed the form of 
striations parallel to the incision and was 
seen along the entire cut surface. Thus, 
the normally invisible stromal lamellae be- 
came immediately visible. As seen from the 
front, the wound edges gaped in a charac- 
teristic elliptical fashion, the widest separa- 
tion located midway between the ends of 
the wound. The portion of the corneal 
stroma that most closely approximated its 
mate on the other side was approximately 
at the junction of the anterior one-third 
with the posterior two-thirds. There was 
wide posterior gaping of the wound in all 
cases, so that the posterior edge of the 


Fig. 1—Drawing of 
an eye one-half hour 
after a central corneal 
incision, in which the 
characteristics of wound 
retraction and the striated 
appearance of the wound 
edges are shown. The 
fibrin cast is not illus- 
trated. 


Fig. 2—Composite 
drawing of the slit lamp 
appearance of an eye 
one-half hour after cor- 
neal incision. The fibrin 
plug is continuous 
from the anterior cham- 
ber through the wound 
onto the anterior surface 
of the cornea. The aque- 
ous anterior to the fibrin 
cast contains heavy 
beam (23). The retracted 
edge of Descemet’s is 
shown at J). 


wound retracted four to five times the 
amount of the closest approximation of the 
wound edges, perhaps because of the elasti- 
city of Descemet’s membrane or of the 
posterior aspect of the stroma. There was 
a mild retraction tendency of the very an- 
terior aspect of the wound, with a slight 
bulging tendency at the point part way 
down in the stroma, as described (Figs. 
1 and 2). 

The anterior-posterior thickness of the 
wound immediately became one and one-half 
to two times the thickness of the normal 
cornea. Because fanning-out of the cut edge 
of the corneal stroma was so rapid, it was 
thought to be a release of normal physical 
stresses rather than a result of edema. This 
lengthening of the anterior-posterior corneal 
thickness at the wound edge was compen- 
sated for by one of two mechanisms. In 
some cases there was a slight anterior puck- 
ering of the wound with an increase in 
curvature of the cornea at the wound edge. 
In others there was a protrusion of the 
cornea posteriorly into the anterior chamber, 
abutting against the lens. The entire cut 
edge of the wound from epithetium to endo- 
thelium lengthened considerably (Fig. 2). 
There was no approximation of the edges 
except occasionally at the extreme 100 of 
the wound length. With use of a wider beam 
of the slit lamp, the curvature of the cut 
edge of Descemet’s membrane appeared 
altered, looking very much like a wrinkle 
parallel to the edge of the incision, 
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It should be stressed that all of the above 
features were noted as soon as the eye could 
be brought into focus under the slit lamp 
after the incision. This time varied from 30 
seconds to 2 or 3 minutes. Various phases 
of the phenomenon were concentrated on in 
different animals so that the chronology 
could be established. Thus most of these 
changes were considered to be results of 
the mechanical alteration of the physical 
stresses within the cornea rather than the 
development of a secondary process such 
as edema. 

Usually beginning within two or three 
minutes, a generous amount of  straw- 
colored fibrin appeared between the wound 
edges. The amount increased rapidly dur- 
ing the next few minutes, until numerous 
strands of fibrin extended from one edge 
of the wound to the other (Fig. 3A). With- 
in periods varying from 3 minutes to 1 
hour, with an average of about 10 minutes, 
this fibrin completely sealed the gap between 
the wound edges. As soon as the wound 
was plugged with fibrin, the anterior cham- 
ber formed. When the anterior chamber 
was formed, a dense cast of clotted fibrin 
became visible (lig. 2). This extended 
back from the wound in pyramidal fashion 
to cover the pupil and part of the iris. Other 
less dense fibrinous material filled the re- 
mainder of the anterior chamber. In addi- 
tion, fibrin emanated from the wound gape 
and rapidly coagulated in the conjunctival 
sac (Fig. 4A). Within 30 minutes, this 
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Fig. 3A.—Photograph 
through slit lamp (high- 
power, four-minute ex- 
posure) of incision made 
in living nonheparinized 
rabbit eye one hour 
previously. Fibrin plug 
(F) is” seen between 
wound edges and extend- 
ing into anterior cham- 
ber, which is deep. Ar- 
rows indicate wound 
edges. 


Fig. 3C.--Similar pho- 
tograph of rabbit which 
was dead at time of in- 
cision. Complete absence 
of fibrin is noted. Differ- 
ential wound retraction 
and flattened chamber are 
well illustrated. 


Fig. 3B.—Similar pho- 
tograph in living heparin- 
ized rabbit. Note wound 
gape with no fibrin be- 
tween edges; anterior 
chamber is seen to be 


flat. 
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coagulated mass of gelatinous material filled 
the inferior fornix, with fibrin strands con- 
tinuous with the fibrin plug in the wound 
and anterior chamber. When in some cases 
the wound became plugged unusually rapid- 
ly by fibrin, there was a deficiency of fibrin 
in the conjunctival sac, while in those cases 
which continued to leak (for example) more 
than one-half hour the entire conjunctival 
sac became filled with clotted fibrin. This 
seemed to indicate that the source of the 
fibrin in the conjunctival sac was from the 
anterior chamber. As the hour progressed, 
even after initial sealing of the wound, the 
plug became denser in appearance and more 
opaque and there were more and thicker 
bands bridging the wound. 

It should be emphasized that there was a 
direct relationship between the completion 
of the fibrin “corking” of the wound and 
the formation of the anterior chamber. In 
some cases where the anterior chamber took 
longer to form, the fibrin plug appeared 
incomplete. Even after the wound was com- 
pletely plugged and the anterior chamber 
had re-formed, the wound edges were still 
not approximated, In other words, the fibrin 
acted as a cork and not as physiologic glue 
causing adherence of the wound edges. In 
some cases after the chamber had been re- 
formed, struggling of the animal caused the 
chamber to collapse, and the fibrin plug 
became visibly dislodged. With the re-for- 
mation of the plug, there was noted a 
concomitant re-formation of the anterior 
chamber. In two eyes corked with a fibrin 
plug, gentle removal of this plug with 
forceps caused the anterior chamber casts 
to come forward in the wound, which was 
immediately replugged, with resultant re- 
formation of the anterior chamber. Re- 
moval of this secondary plug caused an 
immediate collapse of the chamber until 
the plug re-formed, 

The changes which took place in the 
wound edges during the course of the hour’s 
observation were few. No tendency for 
approximation of the wound edges could be 
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seen, although examination at this time was 
difficult because of the presence of the 
opaque fibrin plug. The characteristics of 
the gape after removal the plug by for- 
ceps were unchanged over the initial obser- 
vation. During the course of the hour, the 
adjacent stroma became slowly and pro- 
gressively more gray, suggestive of edema. 

In summary, these observations on the 
healing of a corneal incision in _ rabbits 
showed (1) immediate retraction of the 
wound edges, especially posteriorly; (2) 
formation of a fibrin plug in the wound; 
(3) re-formation of the anterior chamber 
simultaneously with completion of the fibrin 
“cork”; (4) little tendency within the first 
hour toward approximation of the wound 
edges by swelling or any other means, al- 
though the adjacent corneal stroma slowly 


developed some haziness suggestive of 
edema. 


Effect of Heparin on Healing of Corneal 
Incisions in Rabbits 


In this series, the rabbits received 10,000 
units of sodium heparin intravenously at 
least 15 minutes prior to the central corneal 
incision. In these eyes of heparinized rab- 
bits, all the clinical and histological charac- 
teristics of corneal wound healing described 
previously for the normal rabbits were 
present except that fibrin formation was 
absent (Figs. 3B and 4B). The lack of 
fibrin left a continuous through-and-through 
opening between the anterior chamber and 
the outside. As a consequence, the anterior 
chamber remained flat during the entire 
period of observation, except for some cases 
in which there was a slight amount of space 
visible under high power between the lens 
and pupillary border. In some cases where 
the bulging posterior edge of the wound 
abutted against the lens, there was a micro- 
scopic formation of the anterior chamber 
corresponding to the amount of posterior 
abutment. Aqueous passed through the gap- 
ing wound in a continuous flow during the 
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Fig. 4A.—Nonheparin- 
ized rabbit one-half hour 
after operation. Clotted 
fibrin is seen in conjunc- 
tival sac and over lower 


lid. 


period of observation on these heparinized 
animals. A few flecks of fibrin occasionally 
appeared at the lower edges of the wound, 
and, because of their loose attachment, they 
were at times washed away by the force of 
the aqueous stream. The wound edges were 
not approximated by edema. 


Corneal Wound Healing After Death 


In additional rabbits a central corneal 
incision was made immediately after the 
animal had been killed by injection of air 
intravenously. There was a complete lack 
of fibrin which was even more pronounced 
than in the heparinized animals (Fig. 3C). 
The other characteristics of wound healing 
were similar to those in the previous two 
experiments. A narrow anterior chamber 
tended to persist in front of the lens, as if 
the collapse of the choroidal circulation had 
produced a lack of positive posterior pres- 
sure to cause complete collapse of the 
anterior chamber. No continuous aqueous 
flow was seen from these wounds. 
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Healing of a Posterior Corneal Incision 


In other normal and heparinized rabbits 
a posterior incision about one-third through 
the cornea was made by a discission knife 
introduced through the limbus. In the nor- 
mal rabbit the edges of the wound retracted 
widely in an elliptical manner and_ the 
wound edges assumed a lamellar appearance. 
Within one minute fibrin filled the anterior 
chamber. This fibrin cast originated in the 
wound and triangulated posteriorly, being 
similar to the casts seen after the penetrat- 
ing incision. In the heparinized rabbit the 
characteristics of the posterior corneal 
wound were similar except for the lack of 
fibrin. The aqueous ray became positive. 


Healing of an Anterior Corneal Incision 

In contrast to the posterior corneal in- 
cision, an incision into the anterior one-half 
of the cornea of a nonheparinized rabbit 
produced relatively little retraction of the 
edges, no fibrin response in the anterior 
chamber, and little or no fibrin in the con- 


is seen. 


Fig. 4B.—Heparinized 
rabbit one-half hour after 
operation. No fibrin clot 
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junctival sac. This again indicated that the 
source of the fibrin was the secondary aque- 
ous. 


Healing of Corneal Incisions in Other 
Species 

In cat, dog, and monkey eyes no differ- 
ence was noted between the course of cor- 
neal healing in cither normal or heparinized 
animals, compared with the normal and 
heparinized rabbits. All showed differential 
wound retraction, striated appearance of 
wound edge, increased edema of stroma, 
and gradual building up of the fibrin plug, 
the completion of which coincided with 
re-formation of the anterior chamber, In 
the heparinized cats an interesting phenom- 
enon was noted. A beam of moderate in- 
tensity appeared in the aqueous after 
incision. The same continuous aqueous flow 
was seen through the wound. In addition, 
many fine particles (red blood cells) moved 
rapidly with the stream, dramatizing the 
rapid flow of aqueous through the wound 
and onto the cornea. The wounds of these 
heparinized animals were still filtering after 
one hour of observation. It was felt that 
the appearance of red blood cells was merely 
a further step in increased capillary perme- 
ability caused by the decompression, the first 
step being a mild beam; the next, a fibrin 
response, and the last, red blood cells. 


Corneal Wound Healing in Humans 


Four patients were studied in a similar 
manner under the slit lamp. After tetracaine 
anesthesia, a 4 mm. incision was made in 
the center of the cornea of the first eye, 
about to be enucleated for absolute glau- 
coma. The geometric characteristics of the 
wound were essentially the same as in the 
animal experiments except that the degree 
of posterior gaping was relatively less than 
in the animal eyes, and the over-all wound 
gaping was less. After five minutes, fibrin 
began forming between the wound edges 
and in a downstream fashion over the 
wound edge inferiorly. The anterior cham- 
ber formed after the wound became plugged 
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by fibrin within 10 minutes. The fibrin 
gradually built up over the next half hour 
and firmly plugged the wound. By the time 
the eye was enucleated, three hours later, the 
plug was so strong that even the extensive 
manipulation of the enucleation was done 
without rupture of the wound or loss of 
anterior chamber. 


A second eye about to be enucleated was 
similarly studied. The incision was small 
(2.5 mm.) and the chamber re-formed al- 
most immediately, perhaps by edge-to-edge 
apposition of the wound plus fibrin. In this 
case there was no extensive drainage of the 
wound, and so the fibrin response was 
minimal, suggesting that the source of fibrin 
was the secondary aqueous. Histological 
study of this eye showed a protein exudate 
in the anterior chamber, probably fibrin. 

A third eye, discussed by Dr. William 
I. Hughes, was studied after corneal trans- 
plantation. The eye was noted to have a 
negligible aqueous beam before removal of 
sutures. The patient moved during the pro- 
cedure and ruptured the wound in one area. 
Observations under the slit lamp showed 
that the aqueous became filled with fibrin, 
and the wound sealed itself with rapid re- 
formation of the anterior chamber. 

The eye of a fourth human patient was 
incised before enucleation and studied sim- 
ilarly, The edges of the wound remained 
separated, and fibrin gradually appeared 
between them. When observations had to 
be discontinued in one-half hour, the fibrin 
plug was not quite complete, and therefore 
the chamber remained flat. Also, several 
independent collections of red blood cells 
appeared over the iris, well away from the 
point of surgery. It was believed that, as 
in the cat, dog, and monkey eyes, this phe- 
nomenon represented just an exaggeration 
of the normal increased capillary permeabil- 
ity resulting from decompression. In the 
human eyes the gaping was not as great as 
in the eyes of the other species. With a 
fine beam of the slit lamp under high power, 
however, lack of edge-to-edge apposition 
could be seen. 
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CORNEAL WOUND CLOSURE 


Vig. 5.—Central 
neal incision in 
heparinized 
minutes 


cor- 
non- 
rabbit 12 
after 
(high-power  magnifica- 
tion). One edge of the 
wound is seen, and fibrin 
is noted to be bridging 
the wound. The thicken- 
ing of the stroma as 
seen under the slit lamp 
is not so evident in the 
fixed specimen, The de- 
hiscences in the plug are 


artetacts. 


surgery 


Histological Findings 

The histological findings in these experi- 
ments corroborated the slit lamp findings. 
In Figure 5, twelve minutes after a central 
corneal incision in a nonheparinized rabbit, 
the fibrin plug is well formed. (The de- 
hiscences in the fibrin plug are artefacts 
caused by sectioning.) The fibrin plug at- 
taches to the fractured ends of the lamellae 
and passes directly to the opposite side. The 
anterior chamber had re-formed in this eye 
at the time of sectioning, in spite of a wide 
stromal gaping. Posterior retraction of the 
cut lamellae is seen as well as fanning out 
of the lamellar cells. Stromal edema adja- 
cent to the wound edge does not show up 
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very well on these fixed specimens. Retrac- 
tion and curling of the end of Descemet’s 
membrane is present. After one hour the 
fibrin plug is more densely formed (Fig. 6), 
completely sealing the fractured ends of the 
lamellae and insinuating itself between the 
gaping ends of the wound. The posterior 
lamellae retract most, and the closest ap- 
proximation of the edges is near the june- 
tion of the anterior one-fourth and posterior 
three-fourths. In the one-hour sections 
there seems to be a deficiency of the corneal 
corpuscles at the region of the wound edge. 

The histological findings in the heparin- 
ized rabbit is similar except for the relative 
absence of the fibrin response (Vig. 7). 


Fig. 6.—Nonheparin- 
ized rabbit one hour post- 
operatively, The wound 
is well sealed by the 
fibrin plug, which orig- 
inates in the anterior 
chamber and is attached 
firmly to the cut edges 
of the lamellae from 
epithelium to  endothe- 
lium. Greater retraction 
is present posteriorly than 
anteriorly. Stromal 
puscles are scarce 
the wound, 


cor- 
near 
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Fig. 7.—Heparinized 
rabbit one hour postop- 
eratively. High-power 
photograph shows the ab- 
sence of fibrin, the be- 
ginning participation of 
the epithelium in the 
healing process, generous 
fanning out of the lamel- 
lae with posterior direc- 
tion of the posterior 
lamellae, and retraction 
and curling of Descemet’s 
membrane, This shows, 
as in Figure 6, a sparsity 
of stromal cells near the 
region of the wound. 


The histological findings in dead rabbits 
confirm the slit lamp findings, except that 
the edema seen clinically after one hour was 
not visible histologically, The section was 
similar to that of the living heparanized ani- 
mal eye except that there was no trace of 
fibrin in the slide (Tigs. 8A and 8B). 

A posterior incision in a nonheparinized 
rabbit is illustrated in Figure 9A, one hour 
after incision. As with the penetrating in- 
cision, there is a marked fibrin response. 
The fibrin seems to attach firmly to the 
severed ends of the retracted lamellae. When 
the same thing is done in a heparinized ani- 
mal (Fig. 9B), fibrin is strikingly absent. 
In this case the posterior incision went 
approximately half way through the cornea, 
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and a marked retraction of the lamellae and 
Descemet’s membrane are seen. There is 
apparently a deficiency in the lamellar cells 
in the region of this posterior incision also. 

An anterior nonpenetrating incision one 
hour postoperatively in a living nonheparin- 
ized animal shows almost no fibrin response, 
a minimal tendency toward retraction of 
the anterior lamellae, and a relative paucity 
of stromal cells in the immediate area of 
of the wound (Fig. 9C). This illustrates 
that healing of anterior incisions is carried 
on during the early stages by the epithelium. 
In the dead animal (Fig. 9D), approxi- 
mately the same thing occurs, except that 
in this eye the healing process of the epi- 
thelium seems retarded. 


Fig. 8.—Twelve min- 
utes after central corneal 
incision in a rabbit which 
had been dead three 
minutes. There is a com- 
plete absence of the fibrin 
response, characteristic 
fanning of the wound 
edges, and a tendency for 
anterior as well as 
posterior protrusion of 
the thickened lamellae. 
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Fig. 8B.—One hour 
after central corneal in- 
cision in a rabbit which 
had been dead 15 min- 
utes. Total fibrin paraly- 
sis is evident, as are the 
other characteristics of 
the heparinized animal. 
Paucity of stromal cells 
in region of wound. In 
addition, beginning parti- 
cipation of the epithelium 
in the healing process is 
seen even in the dead 
animal. 


Fig. 9B.—Living hep- 
arinized rabbit with 
posterior corneal incision, 
one hour after opera- 
tion. The fibrin response 
is blocked by heparin. 
This shows a marked 
tendency for the posterior 
stroma and Descemet’s 
membrane to retract in- 
stead of being approxi- 
mated, There is a very 
gentle curve because of 
this retraction tendency. 
There is a complete fibrin 
paralysis; edema of the 
posterior stromal cells can 
be seen, and there is a 
mild forward bowing ot 
the cornea. 
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CORNEAL WOUND CLOSURE 


Fig. 9A —Posterior 
corneal incision in living 
nonheparinized rabbit one 
hour after surgery. A 
generous anterior cham- 
ber fibrin response is 
seen, with the densest ac- 
cumulation and attach- 
ment of the fibrin at the 
cut edges of the stromal 
lamellae. Retraction of 
the lamellae is seen. 
This also was a typical 
response. 
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Fig. 9D.—Dead rabbit 
with a central anterior 
lamellar incision made 
one hour previously. 
Little tendency toward 
retraction is noted, A de- 
ficiency of the stromal 
cells in the region of 
the incision is seen, 


Fig. 9C.—Living non- 
heparinized rabbit with 
anterior incision, one 
hour after operation. 
There is no fibrin re- 
sponse, There is a defi- 
ciency of the stromal 
cells adjacent to the 
wound. Beginning  par- 
ticipation of the epithe 
lium in the closure of 
this wound is noted. Re- 
traction tendency is min- 
imal in anterior incisions. 


Fig. 10A.—Living non- 
heparinized monkey eye 
one hour after operation. 
A greater posterior than 
anterior retraction is 
seen. The fibrin plug is 
seen to have been sealing 
the wound edges. The 
separation of the wound 
edges occurred during 
processing. 
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Histologic findings in the cat, dog, and 
monkey were essentially the same as in the 
rabbit. One hour after central corneal in- 
cision into a nonheparinized living monkey, 
the cornea shows posterior retraction of the 
wound edges, lack of edge-to-edge apposi- 
tion of the wound, a generous fibrin plug 
which had been sealing the wound, and 
stromal thickening (lig. 10A); all are sim- 
ilar to findings in the rabbit. In the hepa- 
rinized monkey the findings are similar to 
those in the heparinized rabbit, in which 
the fibrin plug is deficient (Fig. 10B). 
There is less tendency for the wound edges 
to gape in this eye. 

Histological findings in human eyes did 
not differ essentially from the observations 
in other species (Fig. 11). There is less 
of a gaping tendency in these eyes as com- 
pared with the animal eyes. The fibrin plug 
does not seem quite as dense as in animal 
eyes. The fibrin plug can be seen between 
the edges of the wound. 


Fig. 10B.—Living heparinized monkey eye one 
hour postoperatively. Lack of fibrin and lack of 
stromal apposition is seen, Iris prolapse is present, 
and the anterior chamber is flat. There is little 
differential retraction in this picture. 
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Fig. 11.—Human eye two hours after incision, 
A good fibrin plug is seen sealing the wound, 


Review of 13 human eyes which had 
incurred penetrating or lacerating injuries 
showed that none had edge-to-edge apposi- 
tion of the stroma. Fibroblasts were always 
present between the stromal edges. Since 
these fibroblasts normally grow into a fibrin 
matrix and require such a matrix as a pre- 
requisite to their appearance, these findings 
were corroborative evidence that such a 
matrix existed in the earlier stages of the 
healing process. 

A review of 46 rabbit eyes which had 
been the subject of a previous study ' on 
corneal wound healing showed that there 
was no edge-to-edge apposition of the 
stroma. The lamellar fibers were always 
separated by either a fibrin plug or a fibro- 
blastic plug. Eyes enucleated less than three 
days from the time of surgery showed a 
fibrin plug, while those enucleated later had 
a fibroblastic one. In addition, these eyes 
had an anterior triangle of epithelial cells 
between the wound edges. There was also a 
greater posterior gape in these sections as 
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compared with the anterior gape. These 
findings seem to confirm the essential im- 
portance of fibrin in early wound closure. 


Comment 


Of the three early factors in corneal 
wound closure in the rabbit eye, the me- 
chanical factors, the fibrin phase, and the 
edema, the most important of these is the 
fibrin phase. Fibrin is the sine qua non of 
early wound closure. This fibrin originates 
from the secondary aqueous, as shown by its 
absence in anterior corneal incisions and its 
presence in posterior corneal incisions. It 
is so fundamental, as Binder and Binder * 
have shown (their results were confirmed 
in our laboratory), that early wound closure 
in the rabbit does not even take place in the 
absence of fibrin. They produced and main- 
tained flat chambers in the rabbit eye for 
periods of days simply by maintaining 
heparinization of animals which had a sim- 
ilar central corneal incision. They implied 
that without fibrin the epithelium has no 
roadbed to travel over in bridging the 
wound and may grow down into the anterior 
chamber or on the underside of the cornea. 
Fibrin, by providing a skeleton through 
which fibroblasts travel after a few days, 
also seems to expedite the later fibroblastic 
phase of wound healing. All of these ex- 
periments were performed on rabbits, which 
have a secondary aqueous containing a 
great deal of fibrin. 

There has been a tendency on the part of 
workers on the problem to discount the 
fundamental role of fibrin in corneal wound 
healing in humans. The basis for this as- 
sumption is that human secondary aqueous 
has been reported to have much less 
fibrinogen than that of the rabbit. Let us 
examine the evidence to the contrary. Sys- 
temic wound healing in the human has an 
important fibrin phase, which is universally 
recognized by students of the problem." 
Ocular healing in the various species stud- 
ied is similar to that of the human in all 
other phases of wound healing, such as the 
epithelial phase, the fibroblastic phase, the 
214 
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endothelial phase, and the edema phase. The 
assumption that human corneal wound heal- 
ing has a fibrin phase is logical, unless 
evidence to the contrary is presented. Yet, 
no such evidence is forthcoming. It is diffi- 
cult to accept the idea that human corneal 
wound healing is unique, differing funda- 
mentally from wound healing elsewhere in 
the human body and also differing funda- 
mentally from the type of corneal wound 
healing studied here in the rabbit, cat, dog, 
and monkey eye. Fibrin is certainly avail- 
able in the human eye. Certain types of 
iritis in human beings are associated with 
a fibrin cast in the anterior chamber. In 
postoperative healing under a conjunctival 
flap there is a ready supply of fibrinogen 
from the conjunctival vessels independent 
of any secondary aqueous. The human ex- 
periments described previously in corneal 
wound healing confirm the thesis that fibrin 
becomes available in the secondary aqueous 
of humans and corks the wound soon after 
an incision has been made. 

Several practical applications of this con- 
cept immediately come to mind. The forma- 
tion of a fibrin plug encourages re-formation 
of the anterior chamber on the operating 
table and maintains the chamber for the first 
several days after surgery, until other, later, 
components of wound healing make their 
appearance. Our study suggests that certain 
common complications of intraocular sur- 
gery occurring soon after penetrating in- 
cisions, such as persistent flat chamber, 
early wound fistulization, and prolapse of 
intraocular contents, may be etiologically 
related to fundamental defects in the fibrin 
mechanism. The evidence for these sugges- 
tions is that fibrin paralysis by heparin in 
these experiments caused a persistent flat 
chamber, a continuously fistulizing wound, 
and a structurally deficient wound which 
would invite prolapse of the intraocular 
contents. 

The maintenance of active aqueous fistuli- 
zation in fibrin-deficient animals suggests 
that inhibition of fibrin formation might 
promote fistulization after glaucoma sur- 
gery, as suggested by Bick and Haines.’* 
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Histologically it appears that the fibrin plug 
blocks the downgrowth of conjunctival and 
corneal epithelium into the anterior cham- 
ber, a most dreaded complication after 
cataract extraction. It is not inconceivable 
that this unfortunate sequel might be partly 
caused by a deficient fibrin plug. Perhaps 
indiscriminate irrigation of the anterior 
chamber during cataract surgery may be 
undesirable because it substitutes saline for 
secondary aqueous, rich in fibrin. The large 
posterior retraction of Descemet’s mem- 
brane and corneal stroma following an in- 
cision creates a posterior gape which is 
first filled with a fibrin plug and later by 
fibroblasts. A certain amount of this pos- 
terior gaping must be regarded as part of 
the expected result of incision and not solely 
as an indication of malplaced sutures. 


Edema of the corneal stroma, which de- 
velops gradually during the first hour, does 
not seem to be an important factor in wound 
apposition during the early period of the 
first hour, as suggested by Duke-Elder, 
Dunnington, and others. 


Conclusions 


Secause of the uncertainty of the im- 
portance and sequence of events in corneal 
wound healing during the first hour after 
incision, experiments are reported concern- 
ing the clinical and histological course of 
healing of corneal incisions in rabbits, cats, 
dogs, monkeys, and humans. The impor- 
tant stages during this early period include 
the following : 

1. An immediate retraction of Descemet’s 
membrane and posterior layers of the cut 
stroma, which produces a large inverted-V- 
shaped gaping of the incision posteriorly. 
To a much less extent, gaping of the an- 
terior layers occurs. These immediate re- 
sults of corneal incision are probably due 
to a release of physical tensions and elastic 
tissue in the cornea. 

2. Rapid formation of a fibrin plug, as 
early as 3 to 10 minutes after incision 
through the posterior layers, which seals 
the wound and permits re-formation of the 
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anterior chamber. This fibrin is largely 
derived from secondary aqueous. Inhibition 
of the formation of this fibrin plug can be 
accomplished by systemic heparinization of 
the animals. 

Edema of the corneal stroma develops 
very slowly during the first hour and seems 
of little importance in producing coaptation 
of the edges of the wound during this 
period, 

1853 W. Polk St., Chicago 12. 
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Tumors of the optic disc are extremely 
rare. Up to the present only about 30 cases 
have been published, a few with microscopic 
study. If we subtract from this number 
those which originate from the surrounding 
tissue, i. e., malignant melanomas of the 
choroid, retinoblastomas of the retina, and 
metastatic tumors, which are likewise very 
rare, then the remaining number of tumors 
of the optic dise is considerably smaller. 
Among the latter pigmented tumors, neural 
tumors and tumors in phacomatosis have 
been described. 

In the present paper we are chiefly inter- 
ested in pigmented tumors of the optic disc. 
Up to the present only 10 of these have been 
described, and each one was reported as 
a primary tumor of the optic dise (Murray, 
Vasquez-Barriére, Oloff, Cosmetatos, Spe- 
ciale-Cirincione, Oguchi, Levine, Bucalossi, 
Fry and Delong, Cordes and Hogan). 

The various authors differ considerably 
in their estimation and consideration of 
these cases as primary pigmented tumors 
of the optic disc. Nordmann‘ mentions 
only one primary pigmented tumor of the 
optic disc, while Oguchi*® even considers 
the diagnosis of tumor of the optic disc 
doubtful if the choroid encroaches the least 
part in the pathological process. Reese 
includes eight cases of this kind of tumor, 
and for one of these cases there is no his- 
tologic finding (Oloff). Cordes and Ho- 
gan’ have five cases; Duke-Elder,® six 
(including that of Speciale-Cirincione, while 
on page 3095 the latter is represented as 
a primary tumor of the optic dise and on 
page 2486 the same case is considered as 
a juxtapapillary malignant melanoma of the 
choroid. DeVeer*® discusses in detail all 
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10 cases published and cited by various 
authors as primary pigmented tumors of the 
optic dise and draws the conclusion that in 
none of these cases has it been possible 
to exclude with certainty the encroachment 
of the choroid in the pathological process or 
else to prove the primary origin of the pig- 
mented tumor in the optic disc itself. Ac- 
cording to deVeer,* in the case of Levine 
it is by no means out of the question that 
it is a case of metastatic tumor, while in 
the cases of Oguchi, Cordes, and Hogan 
he considers that they cannot be undoubt- 
edly accepted as primary tumors of the optic 
disc, as the serial sections of the tumor did 
not include the margins of the optic dise 
and neighboring choroid. For this reason, 
deVeer is of the opinion that the possibility 
of a juxtapapillary malignant melanoma of 
the choroid can by no means be excluded 
and that the undoubted origin of a tumor of 
the disc cannot be taken for granted, Con- 
sidering that for more than 50 years there 
has been no convincing proof of the exis- 
tence of primary pigmented tumors of the 
optic disc, it may be that such a disease does 
not exist (deVeer *). 


Report of a Case 


The case which we are going to report is 
interesting from two points of view—on 
the one hand because of the clinical picture 
and on the other because of the pathoana- 
tomical correlation. 

A 30-year-old woman entered the clinic 
on Sept. 22, 1954. In her childhood she had 
had eye trouble, and in 1948 had an extra- 
uterine pregnancy. Her father died of 
tuberculosis; her mother, of a brain tumor. 
Her present illness had begun three months 
previously, when she began to have attacks 
of headache with loss of consciousness. She 
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was treated as an outpatient by a neurolo- 
gist, but with no results. She was directed 
to the eye clinic for an examination of the 
fundus and was kept there, as a papillary 
tumor of the left eye was suspected. 

The patient was poorly developed and 
nourished; her skin was very dark, but with 
no blemishes. 

There were no changes in the eyes except 
for a bilateral superficial clouding of the 
peripheral cornea. The pupils reacted nor- 
mally; the lens was transparent; the vitre- 
ous body was normal. The fundus of the 
right eye was also normal. In the left eye 
the fundus revealed a tumor one and one- 
half times the disc diameter, elevated about 
1 D. and poorly defined. It arose from 
excavation of the disc and had a grayish 
green color and an uneven appearance. The 
lower blood vessels of the disc were partly 
covered and partly pushed aside by this 
growth. The vessels of the retina were nor- 
mal in size. There was a linear hemorrhage 
on the upper and temporal margin of the 
optic dise. The reflexes of the macula were 
poorly defined (Fig. 1). Vision O. D., 0.3; 
O. S., 0.3-0.4. Skiascopy of the right eye 
showed a +2 refraction in the horizontal 


Fig. 1.—Aspect of tumor on the left optic disc 


at beginning of observation 
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and —4 in the vertical meridian; skiascopy 
of the left eye showed +0.5 horizontally 
and —4 vertically. The intraocular pressure 
was normal in both eyes. The field of vision 
on the left side showed an extension of the 
blind spot. 

X-ray examination revealed bilateral calci- 
fications of the hilus and a thickening of 
the apical pleura with fibrous interstitial 
changes. No evidence of tumor in the lungs 
was found. 

Spot radiography of the right leg below 
the knee and of the right upper arm showed 
no pathological changes. 

Radiography of both optic canals was 
normal. 

Examination of the blood: Wassermann 
and Kahn tests, negative. Erythrocytes, 
4,300,000; hemaglobin, 82%; leukocytes, 
5750. Leukocyte distribution: segmented 
cells, 55%; eosinophiles, 3%; monocytes, 


6%; lymphocytes, 34%. Sedimentation 
rate, 30 mm. in an hour. 
The urine tests were normal. Melanin 


and melanogen were not found in the urine. 

No malignant cells were found after a 
sternal puncture. 

The neurological, internal, and FE. N. T. 
examinations gave no evidence of an extra- 
bulbar tumor. 

Ten days after the first examination, on 
Oct. 1, examination of the left ocular fun- 
dus showed the following changes: Optic 
dise ill defined. Upper third of the disc 
definitely hyperemic. The tumor was 2 D. 
D. in Its upper margin was poorly 
defined, while the lower, temporal, and nasal 
margins were rounded off. The tumor itself 
was of a dirty greyish-green color; its sur- 
face, uneven, with somewhat brighter re- 
flexes, and it was elevated 1 D. The blood 
vessels not covered by the tumor were nor- 
mal, except for one ampule-like distention 
of a small vessel, located at the 3 o'clock 
position, At an this 
had appeared to be a hemorrhage. Temporal 
to the tumor, in the 1-3 o'clock area, a defi- 
nite change in pigmentation was just visible. 


size. 


earlier examination 
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ILLUSION OF PRIMARY MELANOMA 


Fig. 2——Aspect of tumor three weeks later. 


There had been no change in visual acuity 
from the previous examination, 

Seventeen days after the first examina- 
tion, on Oct. 7, the left eye showed that the 


mass had encroached on the upper temporal 
margin of the disc and further. One could 
clearly see the extension of the tumor out 


and downwards. Near the temporal vein 
and just beneath the disc were two small 
islands of pigment. The surrounding area 
of the optic dise was slightly swollen. 

The tuberculin tests with threefold and 
fourfold dilutions of old tuberculin were 
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negative. After the injection a slight cloud- 
ing of the posterior parts of the vitreous 
body was noticed. 

The field of vision showed a further 
extension of the blind spot. Visual acuity 
was 0.2. 

On Oct. 16 the tumor had spread over 
three-quarters of the dise so that its only 
free parts were the upper nasal area from 
10 to 1 o'clock. Even this area showed 
hyperemia and edema (Fig. 2). 

sy Oct, 22 the neoplasm had spread over 
the whole disc, being of a brown-grey-green 
color and 2 D. D. in size. The surface of 
the tumor was uneven, showing a network 
of small blood vessels. The lower vessels 
of the retina were completely covered by the 
neoplasm, while the upper ones could only 
be seen at the margin of the disc. Near the 
upper temporal vein, '2 D. D. away from 
the dise one could discern a poorly defined 
island of pigment, 4% D. D, in size. Near 
the lower temporal vein one could discern 
another two or three such islands. 

Visual acuity at this time was 0.2, 

The eye was enucleated on Oct. 24. The 
operative and 
both normal. 


postoperative course were 


The enucleated globe was cut in half in 
the vertical plane. Serial paraffin sections 
were stained with hematoxylin and eosin 
and were studied from the nasal margin of 
the disc to the temporal one. On the nasal 


3. — Section of 
portion of optic 


Fig. 
nasal 
disc. 
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Fig. 4.—Section of nasal portion 
of optic dise. 


side, the choroid was normal, while the outer 
layers of the retina were swollen and con- 
tained a number of macrophages. The layer 
of ganglion cells and nerve fibers was well 
preserved and showed cross sections of 
blood (Fig. 3). There was no 
tumor substance at the nasal margin of the 
optic dise (Fig. 4). 

Continuing with our serial sections we 
found that the elements of the pigmented 
tumor appeared in the lower third of the 
dise (Fig. 5). As we approached the central 
vessels, the pigmented elements of the tumor 
involved the lower half of the dise (Fig. 6). 
The surrounding choroid was normal. The 
tumor was so highly pigmented that it was 
impossible to differentiate the structure of 
cells. The greater part of the tumor was 


vessels 
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Fig. 5.—Section of nasal portion 
of optic dise. 


located over the lamina cribrosa, which at 
this level of the serial sections constituted 
a barrier passed by only an insignificant por- 
tion of the neoplasm. It extended right to 
the extrabulbar portion of the optic nerve, 
involving the area between the bundles of 
nerve fibers in the form of parallel lines 
(lig. 6). 

The tumor penetrated into the disc to a 
much greater extent and at its inferior mar- 
gin into the surrounding retina. In the 
latter the tumor involved the outer layers 
but did not damage the ganglion-cell layer 
or the layer of nerve fibers. In the retina 
the pigmented elements were chiefly located 
around the blood vessels. If not considered 
as a part of the series, one section of the 
tumor would give the impression of a pri- 
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Fig. 7.—Section of temporal portion of the optic 
blood vessels. disc. 


Fig. 8.—Section of temporal portion of the optic Fig. 9.—Section of temporal portion of the optic 
dise. dise. 
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mary pigmented tumor of the dise (Tig. 
6). Toward the temporal margin of the 
dise (Figs. 7 and 8) the tumor increasingly 
involved the disc but never reached its 
upper margin. Here the tumor penetrated 
the extrabulbar portion of the nerve more 
massively and in the form of parallel bands 
alone the fibrous partitions. In the retina 
the tumor considerably overlapped the 
lower margin of the disc, involving the 
outer layers, which in the locality showed 
signs of vacuolization. At this level of the 
serial sections the tumorous elements were 
located in the juxtapapillary portion of the 
choroid as well as in the lower parts. This 
contrasted with the region above the disc, 
where the choroid was normal. Circumvent- 
ing the margin of Bruch’s membrane, this 
tumor was directly connected with the por- 
tion on the optic dise and retina (Figs, 7 
and 8), 

Irom the serial sections at the temporal 
margin of the disc it was evident that the 
tumor extended further into the choroid, 
both temporally and beneath the disc. Out- 
side the choroid (the detachment occurred 
in the course of making the histologic speci- 
mens) one can see the pigmented mass in 
the outer layers of the retina overlapping 
the margin of the disc temporally (Figs. 8 
and 9). 

Finally, the end of the series showed the 
termination of the tumor in the temporal 
area of the dise (Fig. 10). 
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The cellular structure of the tumor only 
became visible after the pigment had been 
removed (by Mawas’ method). The tumor 
cells had a round or oval nucleus without 
major atypical features, while the chromatin 
was distributed in the form of a network. 
There was a fair amount of protoplasm, 
slightly stained after depigmentation (Figs. 
11 and 12). The cells could be found in all 
parts of the tumor (disc, choroid, extra- 
bulbar portion of the nerve, and retina). 
In places they were distributed in the form 
of whirls. This aspect and distribution of 
tumor cells can likewise be seen in certain 
malignant melanomas of the choroid (me- 
ningoblastoma *). However, the pigment 
was not located exclusively inside the tumor 
cells but to a large extent in the macro- 
phages, in the dise and retina. After depig- 
mentation these macrophages could be seen 
as the outline of cells whose completely 
fattened nuclei had pushed towards the 
peripheral zone; the large empty space is 
where the pigment was located in the cyto- 
plasm. 


Comment 


The patient was sent to the clinic by the 
neurologist for examination of the ocular 
fundus, in order to establish the cause of 
the headaches. She herself did not com- 
plain of any trouble with her eyes. She had 
not noticed the low visual acuity, which re- 


Fig. 10.—Section of 
temporal portion of the 
optic dise. 
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Fig. 11.—Aspect of 
tumor after depigmenta- 
tion. 


mained almost unchanged throughout her 
illness. At the first examination the changes 
in the fundus pointed towards the diagnosis 
of a neoplasm of the optic disc, and this was 
confirmed in the course of later examina- 
tions, with eventual histologic corroboration. 
The appearance of the growth as well as the 
other findings ruled out tuberculoma, gum- 
ma, cyst, drusen, etc. 

The possibility of a metastatic neoplasm 
was excluded so far as possible by a general 
examination. The aspect of the tumor itself 
spoke against a phacomatosis, as did the 
absence of changes in the retina and other 
organs. We therefore came to the conclu- 
sion that it must be a primary tumor of 
the optic disc or a secondary tumor originat- 
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Fig. 12.— Aspect of 
tumor after depigmenta- 
tion. 


ing from the surrounding tissue. The actual 
appearance of the growth gave the impres- 
sion that it was a pigmented neoplasm; 
according to its localization on the disc, 
most probably a primary tumor of the latter. 

In view of our histopathological findings 
in the serial sections of the tumor, the study 
of an unbroken histological series of sec- 
tions of the whole disc and its surrounding 
tissue was essential to establish the origin 
and nature of the papillary tumor. This 
manner of examination revealed that the 
major portion of the tumor was located in 
the disc itself, that it penetrated to a slight 
degree through the lamina cribrosa into the 
extrabulbar portion of the nerve, and that it 
extended considerably into the outer layers 
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of retina, beneath and temporally from the 
dise. Serial sections likewise showed that 
the tumor on the dise and retina was in di- 
rect communication with a tumor in the 
juxtapapillary choroid. The depigmented 
sections showed the histological structure of 
the growth to be similar to that seen in 
certain malignant melanomas of the choroid. 

Clinically the tumor appeared to be a 
pigmented primary tumor of the optic disc, 
while it only became clear after serial 
histological sectioning that part of it was 
located in the choroid as well. The fact that 
the tumor existed in the choroid consider- 
ably undermined the opinion that it was a 
primary pigmented tumor of the disc, 
especially since pigmented tumors of the 
choroid are common, whereas those on the 
(dise are extremely rare (or nonexistent). 
The structure of the tumor likewise spoke in 
favor of the choroidal origin of the neo- 
plasm, 


Conclusion 

Clinically the tumor described gave a 
strong impression of being a primary tumor 
of the optic disc. Histologic sections of the 
nasal half of the disc were likewise com- 
patible with such a conclusion. However, 
sections of the temporal half and margin of 
the dise revealed the part played by the 
choroid in the process of the pigmented 
neoplasm, which histologically corresponded 
to certain species of malignant melanoma of 
the choroid. 
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Our case proves that the origin of prim- 
ary tumors of the optic disc can only be 
established if the clinical findings are fol- 
lowed up by careful histologic studies. 


University Eye Clinic. 
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The office management of a disease such 
as glaucoma offers a formidable challenge. 
Therapeutic nimbleness must be based upon 
sound knowledge and continued perusal of 
the literature. 

The phasic variation in ocular tension and 
the facility of aqueous outflow should be 
determined, and all glaucomatous eyes 
should be periodically subjected to peri- 
metric study, ophthalmoscopic and slit lamp 
examination, refraction, gonioscopy, and 
measurement of the intraocular pressure, 


Phasic Variations in Ocular Tension 


A rhythmic diurnal variation in ocular 
tension is characteristic of the individual 
and occurs in a definite pattern which is 
the same in both eyes. It is independent of 
sleeping and eating habits, rest, work, blood 
pressure, age, sex, refractive error, and 
width of chamber angle. 

This oscillation in tension is made up of 
a descending and an ascending phase. A 
diurnal fluctuation of 5.0 mm. Hg Schietz 
is rarely exceeded in the eye of a normal 
person. In general, a tension rise in a non- 
glaucomatous eye occurs in the early morn- 
ing, followed by a gradual fall. 

Regular rhythmic but exaggerated varia- 
tions of ocular tension occur in glaucoma- 
tous eyes, Duke-Elder pointed out that the 
phasic variation of tension in simple glau- 
coma may be divided into three groups. 

1. The falling type makes up about 20% 
of cases. The tension is high early in the 
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morning, reaching a peak soon after the 
person awakens. A gradual fall then occurs, 
with a low at about midnight. 

2. A rising type comprises some 25% of 
cases. The tension in this type is low in the 
early morning, gradually increasing until a 
peak is reached about 4 to 6 p.m, A steady 
fall then occurs during the evening and 
night. 

3. A double-variation type may be demon- 
strated in nearly 55% of cases. The tension 
rises in the morning, reaching a peak about 
9 a.m., then falls to reach a minimum early 
in the afternoon. A secondary rise next 
occurs, reaching a maximum at about 6 p. m. 
This is followed by a fall during the night, 
succeeded by a gradual rise toward morning. 

Congestive glaucoma has but one type of 
phasic variation, This is characterized by a 
peak of tension in the evening hours and a 
fall during sleep. 

The type of phasic variation may be as- 
certained by discontinuing the use of miotics 
for 48 hours, after which the same observer 
determines the tension with the same tonom- 
eter at two-hour intervals. The period 
between 11 p.m. and 5 a.m. is relatively 
unimportant as far as phasic variation is 
concerned; so during that time the patient 
may be given a rest from the tonometric 
measurements, 

In this way valuable information may be 
obtained not only in a diagnostic sense but 
also from a therapeutic standpoint. Thus it 
is ascertained at what time of day the use 
of miotics is indicated. For example, a 
patient with a falling type of variation re- 
quires miotics during the early morning 
hours. A patient with a rising type requires 
miotic therapy in the late afternoon and 
early evening, and the patient with a double 
variation in diurnal tension needs early 
morning and late afternoon miosis. 
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Tonography 

Tonography is a new and useful adjunct 
to the management of glaucoma. This pro- 
cedure is helpful in the diagnosis of the 
disease, in following the course of medical 
treatment, and in the evaluation of surgical 
procedures. 

The footplate of a Mueller electric tonom- 
eter is allowed to rest continuously for 
four minutes on the anesthetized cornea. 
Fluctuations in the intraocular pressure may 
be recorded directly as read from the tonom- 
eter or registered on the tape of a record- 
ing device. 

The facility with which the aqueous is 
expressed from the eye is designated by the 
coefficient C. Becker, using the 1955 
tonometer calibration scale of Friedenwald, 
found the normal value of C to vary from 
0.2 to 0.6, with a mean of 0.33 cu.mm/ 
minute/mm. Hg of pressure. Spencer, 
Helmick, and Scheie found an average varia- 
tion of +£0.04 cu.mm/minute/mm. Hg, or 
a +19% from the mean C, 

The flow (F) values for normal and 
glaucomatous eyes, according to Becker, 
average 2.3 cu.mm/minute when calculated 
from the formula F=(P,—10)*C when 
P, =the initial intraocular pressure. Hyper- 
secretion is believed to occur when the flow 
(I) is greater than 4.0 cusmm/minute/mm. 

Since there may be variation as great as 
25% in tonometric readings taken on the 
same patient at different times of the day, 
and only 16.5% if taken at the same time 
of day, it is advisable that the tonographic 
procedure be performed at the same hour 
of the day. It is preferable that the studies 
be carried out in the early morning, when, 
according to Scheie, the physical and emo- 
tional activities are at a minimum. If the 
coefficient of aqueous outflow is borderline, 
certainly more than one tonography should 
be resorted to. An interval of more than 
five minutes should be allowed between the 
tonography of the right and the left eye. 
If such an interval is not allowed, the 
tonography of one eye has been shown to 
influence the aqueous outflow of the opposite 
eye. 
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Hypersecretion glaucoma presents an in- 
termittent or persistent elevation of intra- 
ocular pressure in an eye with normal 
scleral rigidity, open angle, adequate facility 
of outflow, and a flow value greater than 
4.0 cuumm/minute. Field loss occurs and 
is proportionate to the degree and per- 
sistence of abnormal intraocular pressure. 

Patients with open-angle glaucoma show 
as an early feature of their disease a de- 
crease in the facility of aqueous outflow. 
The value of C improves as the intraocular 
pressure is normalized by the use of miotics. 
An impaired facility of outflow in spite of a 
normal intraocular pressure indicates a need 
for increasing the strength of miotics and 
the frequency of their administration. 

A severely impaired C occurs during an 
attack of angle-closure glaucoma. The out- 
flow returns to normal with a fall of intra- 
ocular pressure, unless peripheral anterior 
synechias have formed. 

Water drinking tends to decrease the 
facility of outflow in glaucomatous eyes but 
has less effect on the outflow of normal 
eyes. 

There is disagreement whether or not 
phasic variations in the intraocular pressure 
cause proportionate changes in the facility 
of aqueous outflow. 


Campimetry 

In the old and somewhat uncooperative 
patient, a confrontation field may offer the 
only reliable information obtainable. If lens 
opacities, extreme miosis, or marked re- 
fractive error is present, a target of 5 to 10 
mm. may be necessary. Chandler believes 
that a 3 mm. object at 33 cm. or at 1 meter 
is small enough for most fields of vision. 

If the patient is cooperative, and a general 
survey with larger targets has been carried 
out, then the use of small test objects adds 
to the refinement of the perimetric study. 

Perimetry carried out while the tension 
is considerably elevated and before nerve- 
head changes have occurred may reveal field 
defects which disappear when the tension is 
normalized. 
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Scheie has found that the visual field is 
significantly reduced in size when the pupil 
is miotic. This occurred in presbyopic pa- 
tients in whom accommodative spasm could 
not be a factor. He also found that ciliary 
spasm as well as nuclear lens opacities 
caused an apparent deterioration of the field. 
The combination of pupillary constriction 
and cataractous changes caused marked vis- 
ual field change. Uncorrected high refrac- 
tive errors also simulated defects in the field 
of an otherwise healthy eye. 

One must, therefore, be mindful that 
visual field changes are inconstant, chang- 
ing with the ocular tension, illumination, 
pupillary size, transparency of the media, 
and refractive state. 

Follow-up visual field studies should be 
carried out as nearly as possible at the 
same time of day to offset the effect of 
diurnal variation in the tension, The pu- 
pils should be of constant size during sub- 
sequent field examinations. Illumination 
should be consistent, and high refractive er- 
rors should be corrected. 


The sudden appearance of a disturbance 
in the 1/2000 isopter, causing baring of the 
blind spot, is the earliest field change in- 
dicating that the glaucoma is not perfectly 
controlled. Another extremely early field 
change is the small scotoma which can be 
isolated in the same isopter as the blind 
spot but separate from and usually above 
it. As the glaucoma progresses, this isolated 
scotoma lengthens and joins the blind spot 
to produce a typical Seidel scotoma. The 
appearance of a large sector defect is fur- 
ther evidence that the glaucomatous process 
has not been stayed. Posner and Schlossman 
have found that the sudden appearance of 
an arcuate scotoma in a previously normal 
half-field is a grave prognostic sign. Dun- 
nington has pointed out that if an island 
of vision surrounding the point of fixation 
is all that remains and if that island is 
irregularly shaped, with its nasal border 
practically in contact with the point of 
fixation, any sudden reduction in pressure 
may result in a complete loss of central 
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vision. A medical regimen is therefore best - 


in this type of case. 


Ophthalmoscopic Examination 


The structures of the eye in the posterior 
segment should be described in detail before 
miotic therapy is initiated and periodically 
thereafter. A description of the fundus and 
a classification of the papilla are not as 
in a prognostic sense as are successive 
sketches and measurements. The need of 
periodic study of the eye grounds necessi- 
accurate nor as useful means of comparison 
tates the temporary discontinuance of the 
use of miotics, particularly if the miosis is 
marked and the media are hazy. Little diffi- 
culty ordinarily ensues during this therapeu- 
tic lapse, especially if the ocular tension is 
in the descending phase. If the angle is 
open, the pupil may ordinarily be dilated 
with impunity. A steamy cornea may be 
cleared enough for accurate ophthalmoscopic 
examination by gentle massage of _ its 
anesthetized surface with the rounded tip 
of a glass or plastic rod or by placing on 
the anesthetized cornea a highly hydroscopic 
collyrium such as hypertonic saline, glycerin, 
or carboxymethylcellulose in glycerin, 

The appearance of optic dise pallor, 
change in excavation, and displacement and 
angulation of vessels on the papilla are all 
manifestations of uncontrolled glaucoma. 
Every effort should be made to avoid the 
development of such grave prognostic signs. 


Biomicroscopy 


Careful slit lamp study permits a more 
accurate classification of glaucoma and a 
better understanding and control of the dis- 
ease. The presence of keratic precipitates 
and/or posterior synechias indicates that the 
glaucoma is secondary to iridocyeclitis, 
whereas the finding of cells in the aqueous 
humor usually, but not always, suggests 
iridocyclitis as an etiologic factor. The 
cause of the glaucoma may be disclosed 
by finding anterior lens capsule exfoliation 


or by the presence of an intumescent cata- 
ract or a subluxated lens. 
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The slit lamp should be routinely used 
to estimate the depth of the anterior cham- 
ber. The acquisition of the habit of ob- 
serving with a narrow beam the rate at 
which the iris approaches the most periph- 
eral portion of the anterior chamber makes 
possible a fairly reliable determination of 
the width of the angle without actually 
seeing it. 

Ascher’s so-called aqueous veins may be 
observed in the bulbar conjunctiva of many 
eyes. They are best seen biomicroscopically 
under high power in the limbal and para- 
limbal region. Aqueous veins appear pale in 
contrast to the ordinary blood vessels, and 
each vein may be divided into as many as 
three or four layers of blood and clear 
fluid. They tend to run in a straight line 
to empty into a recipient vessel. 

The aqueous veins react characteristically 
to phases in ocular tension. In the ascend- 
ing phase there is little or no flow of aqueous 
through the aqueous veins. The flow is 
average when the tension is level, no matter 
what its height, and is greatly increased in a 
descending phase of tension. If the re- 
cipient vessel of an aqueous vein is com- 
pressed, a blood influx is usual in the 
ascending phase and an aqueous reflux is 
common in the descending phase. 


Refraction 


A change in refractive error often occurs 
after the tension is normalized either medi- 
cally or surgically. A reduction in hyperopia 
or an increase in myopia frequently occurs. 
This is especially true with the use of 
miotics, inasmuch as drugs which induce 
miosis also stimulate accommodation. It is 
imperative, therefore, that periodic refrac- 
tions be done. By this means the progress 
of the disease may be followed and the pa- 
tient’s vision and comfort kept at a maxi- 
mum, with a resultant continuing high plane 
of morale. 

The refraction should be done while the 
eyes are under the influence of the drug 
which best controls the tension. It is wise 
to refract the patient at a time when it is 
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customary for him to use his eyes most. 
In this way a peak of optical performance 
can be obtained. The prescribing of ab- 
sorptive lenses should be avoided if the an- 
gle is narrow, and any tendency for over- 
accommodation should be nullified by a 
proper correction. A refraction should be 
avoided after tonometric measurement or if 
the patient is fatigued from field studies 
or indisposed for any other reason. 

A functional failure of the ciliary muscle 
is prone to accompany a high intraocular 
pressure. Prescriptions for glasses, there- 
fore, should not be based on measurements 
made while the ocular tension is elevated. 


Gonioscopy 


Gonioscopic examination of all patients 
with glaucoma should be made as soon as 
the disease is detected and periodically 
thereafter. Gonioscopy should be done prior 
to surgery to gain information as to the type 
and site of operation. Postoperative gonios- 
copy discloses the presence of goniosyn- 
echia and permits intraocular inspection of 
the area of operation. The knowledge 
gained thereby enables a better forecasting 
of the success of the operative intervention. 

If the angle is found to be open, and if 
it does not close with a tension rise, the 
patient need not avoid dark rooms or excite- 
ment, may wear dark glasses, and may 
submit to pupillary dilation, if necessary, 
without fear of precipitating an acute rise 
in tension, Because the open-angle type of 
glaucoma is particularly resistant to surgery, 
a medical regimen is preferred. This should 
be continued unless the base pressure 
reaches a level of 35 mm. of mercury or the 
fields show continuing deterioration. 

Angle-closure glaucoma before peripheral 
anterior synechia formation occurs responds 
remarkably well to miotics. Inasmuch, how- 
ever, as peripheral anterior synechias fre- 
quently form and_ contraindicate the 
continuation of medical therapy, and since 
surgery is highly successful in this type, 
early operative intervention should be urged. 
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Tonometry 


Once the type of phasic variation in ocular 
tension is determined and miotic therapy is 
instituted, tonometric measurements should 
be taken at the time of peak pressure in 
order to ascertain the effectiveness of the 
medication. The intraocular pressure must 
be recorded periodically after the type, 
strength, and frequency of drug administra- 
tion has been determined. A record must 
be made which includes the patient’s name, 
date, time of day, weight used, tension, size 
of pupil, strength of medication, and fre- 
quency and time of last administration of 
the drug. As nearly as possible, the same 
person should take the tension readings and 
with the same tonometer. 

Scleral rigidity should be considered in 
patients who show continuing adverse field 
changes in spite of seemingly adequate con- 
trol of tension, The ocular rigidity is ab- 
normally low if the readings with the 10 
gm. weight consistently indicate a lower ten- 
sion by 2 mm. or more than do the readings 
with the 5.5 gm. weight. The intraocular 
pressure, because of low scleral rigidity, is 
therefore higher than indicated by either 
of the plunger loads. If the scleral rigidity 
is found to be low the therapy must be ad- 
justed accordingly. 

Each morning and evening the tonometer 
must be taken apart and cleansed with 95% 
alcohol. It should then be carefully dried 
with cotton, and its barrel, with a pipe 
cleaner. The reassembled tonometer should 
rest during the day in a stand a short dis- 
tance above an unlighted” alcohol lamp. 
Dreisler has shown that flaming the tonom- 
eter footplate kills non-spore-bearing bac- 
teria in 10 seconds. The 
allowed to cool for onc minute before it is 
used. Flaming does not damage a stainless 
steel tonometer. 


instrument is 


A standardized tonometer is essential, and 
it should be regularly restandardized or at 
least periodically compared in its measure- 
ments with other tonometers in the office. 
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The Miotics 


Pilocarpine-—The most universally used 
miotic is pilocarpine. Allergic reaction or 
irritation by the drug is rare, and tolerance 
develops slowly. Pilocarpine is a vasodilator, 
and, because of this, a small rise in tension 
occurs after instillation followed by a more 
prolonged fall in tension. Pilocarpine, as 
far as it is known, acts directly on the 
smooth muscle cell. It behaves like the 
choline derivatives, the important difference 
being that it is stable and not destroyed by 
cholinesterase. A miosis is produced be- 
ginning 10 minutes after instillation and 
persisting for about 24 hours. The thera- 
peutic effect is good for four hours. The 
stimulation to accommodation is mild and 
is proportionately less than the induced 
miosis. The refractive error is therefore 
disturbed very little by a weak solution of 
the drug. Accommodative spasm disappears 
in about two hours. The physiologic activity 
and absorption of the drug is better in 
alkaline solution, but stability is greater 
when the pH is kept between 5 and 6.5. 

Pilocarpine may be prescribed in sodium 
acid phosphate and disodium phosphate buf- 
fer. If benzalkonium chloride is added as 
a wetting and sterilizing agent, the hydro- 
chloride salt must be used. Neither pilo- 
carpine nitrate nor the Gifford buffer can 
be used, because of their incompatibility 
with benzalkonium chloride, Recent evidence 
indicates that chlorobutanol is a better pre- 
servative than benzalkonium chloride alone. 
Riegelman, Vaughn, and Okumoto combined 
polymyxin B sulfate and benzalkonium 
chloride as a chemical preservative, the 
former because of its action against strains 
of Pseudomonas aeruginosa and the latter 
because of its rapid action against Gram- 
positive organisms. A consistent absorption 
can be obtained by placing pilocarpine in a 
0.5% to 1% methylcellulose solution (4000 
centipoise type). 

The solution strength may be varied from 
0.25% to 10%. A 1% solution is usually 
ordered, particularly if the initial tension is 
under 40 mm. Hg. As a rule, if a 2% 
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solution fails to control tension, surgery or 
a change to some other miotic or combina- 
tion of drugs is indicated, 

Physostigmine (Eserine).—This miotic 
drug exerts its effect by inactivating 
cholinesterase. It produces a rapid intense 
miosis. The iris becomes hyperexcitable, 
and so painful spasm may occur when the 
patient passes from darkness into light. The 
accommodation is abruptly and severely 
stimulated, and so cyclospasm occurs upon 
an attempt at close work. The tonus of the 
skeletal muscles in the region of the eye 
is increased, and, as a result, annoying 
diffusion of proteins arises, causing a pri- 
mary transient increase in intraocular pres- 
sure, This increased pressure is very soon 
blepharospasm takes place. Physostigmine 
is a vasodilator and, as a result, an increased 
offset by the miotic effect. Long-continued 
use of physostigmine frequently causes a 
follicular conjunctivitis. It is believed that 
this is due to the chronic irritation produced 
by the end-products of the deterioration 
and degradation of the drug. Physostigmine 
in ointment form infrequently produces a 
local reaction. Dissolving small amounts of 
cocaine in a physostigmine solution or plac- 
ing the drug in an oily vehicle such as castor 
oil, using the alkaloid of physostigmine, is 
said to reduce the incidence of irritation. 
Physostigmine may be prescribed in a solu- 
tion of boric acid, sodium bisulfite, and 
benzalkonium chloride. The sodium acid 
phosphate, disodium phosphate buffer of 
Hind and Goyan should not be used, be- 
cause its pH is near 6.8, and at this pH 
physostigmine produces a most irritating 
sensation. Boric acid retards the rapid neu- 
tralization of a solution and maintains the 
physostigmine solution at a pH below 5. At 
this pH the irritating effect of physostigmine 
is largely eliminated. The addition of 
bisulfite prevents physostigmine solution 
from changing to a pink color. Benzal- 
konium chloride acts as a wetting and steril- 
izing agent, but, because it is incompatible 
with the salicylate radical, the sulfate salt 
must be used. Benzalkonium chloride may 
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be combined with polymyxin B sulfate, or 
chlorobutanol may be substituted as a pre- 
servative. Physostigmine is prescribed in 
solutions of 0.2% to 0.5%. Physostigmine is 
chiefly indicated in cases where there is 
reason to temporarily defer an operation or 
in an attempt to lower the tension from a 
high level. An eye that requires physostig- 
mine to control the tension needs surgery. 

Neostigmine (Prostigmin).—Neostigmine 
is a synthetic carbamate alkaloid which has 
the same cholinesterase-inhibiting action as 
physostigmine. The two drugs are about 
equal in effect, but neostigmine can be used 
in more than twice the concentration of 
physostigmine without producing irritation. 
Neostigmine bromide, 5%, is supplied by 
the manufacturer in 1% boric acid solution. 
It may be diluted by adding boric acid 
solution to produce a lesser concentration. 
Neostigmine is usually prescribed in a 3% 
to 5% solution. 

Carbachol U.S.P. (Carbamylcholine 
Chloride; Carcholin, Doryl).—Carbachol is 
a potent toxic choline ester which has the 
advantage of not being destroyed by 
cholinesterase. This drug has a double ac- 
tion, not only stimulating the motor end- 
plate of the muscle cell, as do all the choline 
substances, but also inhibiting to some extent 
the action of cholinesterase. Its action is 
therefore not augmented by the use of 
neostigmine or physostigmine. 

Carbachol is not only more powerful than 
mecholyl but has a more prolonged action. 
Accommodation is definitely stimulated by 
the drug. It is more effective and longer- 
lasting than a+2% solution of pilocarpine. 
It, however, at the height of its activity, 
does not constrict the pupil as much as does 
pilocarpine and therefore causes less blur- 
ring. It is best used as a rest drug, par- 
ticularly in eyes which have become irritated 
by or in which resistance to pilocarpine has 
developed, or it may be employed in those 
eyes in which 2% pilocarpine falls just short 
of controlling the tension. It rarely pro- 
duces sensitivity, but resistance to the drug 
does develop. The drug has a prolonged 
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action, lasting as long as 8 to 12 hours. It 
is therefore effective if used only two to 
three times daily. 

Carbachol is best prescribed as a 1.5% 
solution in 1:3000 benzalkonium chloride 
solution or as 1.5% ointment, suspending 
0.5 gm. of the active ingredient in 33 gm. 
of petrolatum U.S. P. The patient should 
be advised that the ointment has been prop- 
erly placed in the eye if the vision is 
blurred for a short time after its use. 

Methacholine Chloride U.S. P. (Acetyl- 
B-methylcholine Chloride; Mecholyl Chlo- 
ride ).—Methacholine chloride is a synthetic 
choline derivative which is readily destroyed 
by cholinesterase and should therefore be 
prescribed with one of the cholinesterase 
inhibitors such as neostigmine. The drug is 
a direct stimulatory miotic, producing its 
specific effect on the effector cells supplied 
by the parasympathetic nervous system. It 
stimulates accommodation, is a vasodilator, 
and is poorly absorbed through the cornea. 
Methacholine has very little effect on the 
normal pupil in less than 15% solution. 
It does, however, constrict the pupil of a 
glaucomatous eye in a 10% solution. The 
miosis produced is brief, persisting for about 
two hours. The action of methacholine is 
so rapidly terminated by cholinesterase that 
systemic effects seldom follow even repeated 
instillations of the drug. Its penetration may 
be increased by the use of a wetting agent 
such as benzalkonium chloride, by corneal 
massage, or by preceding the use of the 
drug with a drop of 0.5% tetracaine hydro- 
chloride. It is most effectively administered 
by iontophoresis. Retrobulbar injection of 
methacholine has been reported as produc- 
ing near fatalities. It is usually prescribed 
in a 20%, 1:3000 benzalkonium chloride 
solution to with 
neostigmine. Methacholine is particularly 
effective in angle-closure glaucoma in the 
acute congestive phase. 

Isoflurophate (DFP).—This powerful 
miotic has been used in the treatment of 
glaucoma since 1946, It produces its effect 
by destroying or combining with cholinester- 


be used in combination 
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ase. Isoflurophate is more effective and 
prolonged in action than is physostigmine or 
neostigmine. The induced miosis may last 
as long as 27 days. The drug is a vasodila- 
tor and may produce unpleasant symptoms 
because of its strong cyclotonic effect. 
Ciliary spasm may be minimized by a pre- 
liminary instillation of a more concentrated 
preparation of isoflurophate than is to be 
subsequently used. Detachment of the ret- 
ina, activation of a quiescent uveitis, and 
the production of iris cysts have followed its 
use. The precipitation of an acute attack 
has been noted following the use of isofluro- 
phate in angle-closure glaucoma. It is par- 
ticularly effective in the treatment of aphakic 
glaucoma. 

Isoflurophate forms hydrofluoric acid with 
water. It is therefore used in anhydrous 
peanut oil. It is supplied by the manufac- 
turer in 0.1% concentration. It may, how- 
ever, be further diluted with peanut oil in 
an effort to find a suitable concentration for 
the individual case. Care must be taken not 
to contaminate the dropper with tears, inas- 
much as any water introduced into the bottle 
containing the miotic will greatly reduce the 
concentration of isoflurophate. 


Combination of Miotics 


The combination of a vasoconstrictor 
drug, such as phenylephrine ( Neo-Syneph- 
rine) hydrochloride 1% or epinephrine 
(Adrenalin) 1:1000, with miotic drugs 
producing vasodilation cyclotonia, 
such as pilocarpine, physostigmine, and iso- 
flurophate, has been advocated in cases of 
angle-closure glaucoma. Such a combina- 
tion often causes the intraocular pressure to 
drop from 10 to 15 mm. Hg below the level 
obtained by a miotic alone. 

The action of methacholine chloride is 
rapidly terminated by cholinesterase, and 
therefore its effect may be enhanced and 
prolonged by combining its use with that of 
neostigmine. Swan, however, felt that if the 
iris muscle is reactive either methacholine 
or neostigmine alone is sufficiently potent 
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and that if the muscle is badly damaged the 
miotic combination is ineffective. 

Lowenstein and Lowenstein found that 
the combined administration of pilocarpine 
and physostigmine is more effective than the 
use of either drug alone. They believe the 
effect is additive and not competitive. Swan 
and Gehrsitz, however, have found that pilo- 
carpine decreases the reactivity of the iris 
sphincter of the albino rabbit to the subse- 
quent action of physostigmine, isoflurophate, 
and physiologically produced acetylcholine. 
They suggest that pilocarpine competes with 
acetylcholine for the receptor mechanism of 
the iris sphincter. It is therefore debatable 
whether or not to combine the use of pilo- 
carpine and physostigmine. 

The hyperactivity of the intraocular mus- 
cles induced by physostigmine and isofluro- 
phate is undesirable in the necessary 
continued treatment of chronic glaucoma. 
The spastic action induced by either of these 
drugs may be minimized by the preliminary 
administration of pilocarpine. 

Leopold and MacDonald have observed 
that the sensitivity of the pupil to isofluro- 
phate is decreased by the prior instillation 
of physostigmine. Conversely, the pupil ex- 
hibits a long-lasting increased sensitivity if 
the administration on physostigmine is pre- 
ceded by the instillation of isoflurophate. It 
is believed that physostigmine prevents the 
action of isofluorphate by protecting the 
cholinesterase from isoflurophate. 


Acetazolamide 


A carbonic anhydrase inhibitor, acetazola- 
mide (Diamox), was developed by Roblin 
and his associates in 1950, Becker reasoned 
that this same carbonic anhydrase inhibitor, 
which had proved to have remarkable diuret- 
ic properties, might inhibit the formation of 
bicarbonate ions on the part of the ciliary 
body and thus reduce aqueous production. 
Subsequent observation showed this to be 
true, the average suppression of the secre- 
tion being about 60%. 

That the reduction in intraocular pressure 
was not due to the diuretic action of the 
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drug was demonstrated by noting that acet- 
azolamide reduced the tension of the eye in 
nephrectomized rabbits. Proof that the in- 
duced hypotensiveness of the eye was due 
to a decrease in the rate of aqueous inflow, 
and not to an increase in the facility of 
outflow, was shown by tonographic studies. 
This assumption was also verified by ob- 
serving that the appearance-time of fluores- 
cein in the aqueous after intravenous 
injection was increased nearly twofold by 
the administration of acetazolamide. 

Acetazolamide is rapidly metabolized and 
excreted in the urine. Although closely re- 
lated to sulfanilamide, it has no antibiotic 
effect and does not embarrass pulmonary 
carbon dioxide discharge. Large amounts 
of carbonic anhydrase are present in the 
retina, lens, and ciliary body, but its in- 
hibition by acetazolamide is not absolute, 
and the ocular tissues are therefore not 
impaired. 

Acetazolamide damps the phasic variation 
in intraocular pressure and reduces the fluc- 
tuation induced by the water-drinking pro- 
vocative test to a near-normal pressure 
curve. 

The systemic side-effects produced by 
acetazolamide are neither alarming nor 
serious. Nearly all patients experience 
paresthesia of the hands and feet. This is 
usually well tolerated but may be alleviated 
by the administration of potassium chloride, 
1 to 2 gm. three times a day. Loss of appe- 
tite occurs in about one-half of the patients 
taking the drug. If a normal food intake 
is continued in spite of anorexia, the appetite 
returns. Excessive fatigue is prone to occur 
in the aged, and drowsiness is particularly 
troublesome. Urinary calculi may fragment 
and dislodge and cause ureteral symptoms as 
the urine pH is changed from acid to alka- 
line. Hearing loss, dermatitis, disorientation, 
and leukopenia have been reported as occur- 
ring occasionally. A few patients (6%, 
Becker) have responded initially to acet- 
azolamide and then have developed a resist- 
ance to the drug. The reason for this 
intolerance is not understood, Occasionally 
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a patient will respond to acetazolamide 
when it is administered intramuscularly, but 
not when it is given orally. 

After an oral dose of acetazolamide the 
intraocular pressure of the responsive eye 
begins to fall in about one to two hours and 
reaches a low in about three to five hours. 
It is believed that the suppression of aque- 
ous flow lasts much longer than the depres- 
sion in intraocular pressure. The return to 
normal pressure in 6 to 24 hours is thought 
to be due to an increase in outflow resistance. 

Inadequate control of the intraocular pres- 
sure may result from failure to co-adminis- 
ter miotics or because of the development 
of a refractory state due to infrequent small 
dosage of the drug. Friedenwald believes 
that a “refractory state is one of mild 
acidosis, the drug being administered at 
suboptimal dose frequency.” A _ state of 
continued efficacy of the drug is obtained 
by an increased frequency of administra- 
tion, causing a more marked acidosis, Un- 
responsiveness (pseudoresistance) of the 
occasional patient to acetazolamide may 
represent the ability of the eye to maintain 
the intraocular pressure by a compensatory 
decrease in the outflow to offset the de- 
creased inflow. The administration of 
adrenal steroids, such as fludrocortisone, 
prevents such a compensatory decrease in 
the facility of aqueous outflow in the eyes 
of unresponsive rabbits. When the human 
eye is resistant to treatment initially or when 
resistance develops during the course of 
treatment, this steroid may prove to be of 
value in causing response to therapy. 

Acetazolamide buffers episodes of hyper- 
secretion and prevents further field loss in 
hypersecretion glaucoma. 

Acetazolamide may be given in amounts 
varying from 125 to 500 mg. orally each 
six hours. The average dose is 125 to 250 
mg. every 6 hours or 125 mg. of regular 
and 125 mg. of delayed-action drug every 12 
hours. 

Acetazolamide may be administered for a 
year or more without any untoward effects. 
Its action may be potentiated by the oral 
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administration of ammonium chloride, 1 to 
2 gm. every six hours. 


Other Therapeutic Measures 


The retrobulbar injection of procaine, 
epinephrine, and hyaluronidase often will 
reduce the intraocular pressure to such an 
extent that miotics will then become effec- 
tive and control the tension until surgical 
intervention can be safely accomplished. 
Ethyl alcohol in 50% to 95% strength may 
be injected retrobulbarly without fear of 
damage to the optic nerve. The injection of 
alcohol should be preceded by an injection 
of procaine. A transitory extraocular mus- 
cle paresis may ensue. Pain is abolished over 
a long period. The tension is often suffi- 
ciently lowered to permit the action of 
previously ineffective miotics or to enable 
one to go ahead and operate with greater 
safety. The tension is supposedly lowered 
because vascular axon reflexes are abolished, 
and since the axon reflexes are cut off as 
far as the other eye is concerned, a sym- 
pathetic rise in ocular tension of the fellow 
eye may be averted. There is no reason why 
retrobulbar injections can not be done in the 
office if a sterile technique is employed. 
Intravenous injection of hypertonic solu- 
tions, particularly sorbitol, aids in the con- 
trol of tension. It is more advantageously 
and safely employed in cases that are hos- 
pitalized. 

Rest must be insisted upon, and attention 
should be given to the fluid balance. A re- 
duction of fluid intake should be recom- 
mended; particularly, the ingestion of large 
amounts of fluid within a short time should 
be discouraged. The avoidance of excite- 
ment and worry is important. 


Office Procedure 


The patient must be thoroughly acquainted 
with his or her condition, impressed with 
the necessity of following instructions ex- 
plicitly and with the need of return visits 
at stated intervals. Written instructions to 
the patient act as a refresher to his memory 
and as a guide to relatives or persons 
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interested in helping the patient control his 
glaucoma. 

If the patient can maintain with medicine 
a base pressure under 25 mm. Schiotz and 
a diurnal variation under 5 mm. Hg and 
show no deterioration in the central fields, 
then a medical regimen may be continued 
indefinitely. 

The medicine of choice should be the 
weakest, least irritating miotic which will 
control the tension with the smallest num- 
ber of instillations. The miotic should be 
instilled one hour before the rise or rises 
which occur in the previously determined 
phasic variations in ocular tension. Acet- 
azolamide may be added to the therapeutic 
routine of the average patient for months 
and even years without untoward effect. 

Surgical intervention should be avoided 
in the aged, frail, or seriously ill patient; it 
should, however, be urged particularly if the 
glaucoma can not be controlled without fre- 
quent strong medication, is of angle-closure 
type, or if the patient has a life expectancy 
of 20 to 30 years or more. 

Office records of patients with glaucoma 
must be carefully kept. It is a good plan 
to stamp a large red star-shaped figure in 
one of the upper corners of each glaucoma 
record to indicate to the person who is to 
handle the patient that this person should be 
cared for differently than the average office 
patient. Notation of the type of therapy in 


red ink on the record calls attention to 


various therapeutic measures that have been 
tried. The use of tension curves will enable 
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the physician to see at a glance how the 
tension has been maintained over a long 
period of time. The tension-curve chart 
should also reveal the date and time of day 
each tension check was made, the weight 
used, size of pupil, medication employed, 
strength and frequency of the drug, and 
the dates on which the fields of vision have 
been checked and gonioscopy, tonography, 
and refraction done. Also on the tension 
curve sheet the value of C should be typed 
together with the time of day that the peak 
or peaks in the diurnal variation occur. 
Charts recording fields of vision should be 
properly labeled and clamped together. 
Once the tension is stabilized, the patient 
should be seen in the office at regular inter- 
vals of from one to three months, depending 
upon the control of the glaucoma and the 
personal desires of the patient. Fields of 
vision should be determined every six 
months, and a refraction should be done at 
least every six months. If the glaucoma is 
of open-angle type, the pupils should be 
dilated at least once a year to offset the 
development of synechias and to observe the 
lenses and nerve heads. The office records 
should be completely reviewed at least 
yearly. It must be borne in mind that most 
elderly patients develop lens opacities be- 
cause of their age and as a complication of 
their disease. Cataract extraction may 
greatly improve the vision in one whose con- 
tinued visual decline was thought to be 
based entirely on progression of glaucoma. 
Forty-Fourth and Farnam St. (31). 
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The Phosphene of Quick Eye Motion 


BERNARD R. NEBEL, Ph.D., M.D., Lemont, Ill. 


Entoptic imagery, which refers to repro- 
ducible visible phenomena arising within 
the human eye, is not a neglected subject. 
With Purkinje*” it was a major field of 
investigation; his fiery rings are related to 
the present study, but he did not describe 
the present phenomenon proper. Helmholtz ® 
mentions the phosphene of quick eye motion 
and pictures it, but he also fails to discuss 
it adequately. Duke-Elder* has a chapter 
on entoptic phenomena, but it does not in- 
clude the eye-movement phosphene. Adler ! 
devotes nine pages to entoptic imagery and 
does not mention the phenomenon, The 
closest recent approach to the present de- 
scription is given by Friedman,‘ who states 
that in the dark the effects of optic nerve 
traction are recognized as the fiery rings 
of Purkinje. The circles 
their are the blind spot. 


include within 

Modern abstract journals list from 5 to 
30 papers per year dealing with entoptic 
phenomena. One would expect the present 
observations, which are concerned with the 
phosphene from quick eye movement, to 
have been anticipated many times over. But 
to my knowledge this specific phenomenon 
has been described only incompletely by 
Purkinje and Helmholtz and later by Fried- 
man. 


Moore’ describes subjective “lightning 
streaks,” observed by 26 of his patients, 21 
of whom were females with an average age 
of 63. The lightning streaks usually ap- 
peared in the temporal visual field, extended 
vertically, and were said to flash on and off 
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Phosphenes are impressions registered by the 
retina but originating within the eye itself. 


periodically for a split second. Moore 
ascribed the lightning streaks to cystic 
retinopathy. Verhoeff !* has given an au- 
thoritative discussion of Moore's lightning 
streaks, in which he points out that their 
occurrence is correlated with the develop- 
ment of a crop of opacities in the vitreous. 
The flashes thus do not imply any serious 
disease of the eye either at the time or 
subsequently. To evoke the flashes ocular 
motion is needed, whereby the shrunken 
vitreous exerts traction on the retina. 
Berens et al.? have also dealt with this sub- 
ject, 

I believe the eye-movement phosphene 
of the healthy eye to be mechanically re- 
lated to, but definitely distinct from, Moore’s 
flashes. It has a regular, highly organized 
pattern which can be reproduced at will. 
It is consistent for a given observer and 
closely similar in different observers. The 
position of the pattern in the visual field 
can be designated, and its size can be 
roughly measured. The present phosphene 
is a normal phenomenon, but it may be 
commonest during a particular age range; 
for, only one of the present observers re- 
members to have first seen it when he was 
23. All the currently successful observers 
are now over 40. 


Observations 


From an inquiry among about 100 col- 
leagues, near by and distant, I received 
answers in writing from 39. Of these, six 
besides myself were able to observe the 
present phenomenon with ease and in detail. 
Their observations agree with my own, 
within certain limits, on all important points. 
Unfortunately not all of the “successful” 
colleagues can be prevailed upon to sacrifice 
repeatedly their predawn morning hours. 
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Most of the “unsuccessful” observers are 
credited with sincere and repeated attempts. 
Their failure to observe the phenomenon is 
ascribed to anatomical, possibly inherited, 
differences to be mentioned in the discus- 
sion. 

The Phenomenon as Experienced by Me 

The “flick phosphene” is best observed 
in the dark-adapted well-rested eye, i. e., be- 
fore dawn after a restful sleep. Then if one 
flicks * the eyes, e.g., from left to right, 
with the lids closed, one observes in each 
monocular field the short-lived appearance 
of a bright pattern, The general shape of this 
figure is shown in Figure 1. In every ob- 
servation the small end of the sheaf-like 
pattern points in the direction of the sudden 
eye movement, or flick. Each eye produces 
its own phosphene. With a flick directed 
horizontally to the left, the figure in the 
right eye is larger and brighter than that 
in the left eye. 


*What is meant is a rapid motion, which can 
start from the rest position or from any position 
moderately off-center but away from that of the 
intended voluntary eye movement. The word 
“flick” has the proper connotation and is brief. 


A 


The phosphenes seen simultaneously in 
the two eyes are two separate images. Even 
though the monocular fields are fused, the 
images remain separate, since they are in 
the temporal quadrants. The sheaf-patterns 
could be superimposed if the observer 
showed marked exophoria. I have mild 
exophoria, which should tend to exaggerate 
the apparent distances between the sheaves. 
My own exophoria can be detected entopti- 
cally in the relaxed eye with closed lids. It 
appears to be overcome by sudden voluntary 
eye motion, 

L. E. Lipetz suggested to me that I could 
“mark” individual eyes by briefly exposing 
one eye to a (fixated) light-source of 
moderate intensity. This labels the fovea, 
and the afterimage lasts long enough to 
allow two or three accurate entoptic ob- 
servations. Both foveas can be marked to 
reveal any exophoria. All statements below 
regarding localization of the phosphenes 
with respect to the fovea are based upon 
such markings. 

The color of the figures is a bright whitish 
with a slight admixture of blue or orange 
on a background of darkness. The sheaves 


_ Fig. 1—The phosphene of the right eye in a right-to-left flick. A, the phosphene pattern 
in the rested eye; B, the pattern after fatigue; F, fovea, as identified by the afterimage of 


a fixated inducing light. 
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are brillantly bright when first seen; as they 
are elicited repeatedly the whitish color 
shifts to an unsaturated purple or orange 
with greatly decreased brightness. 

The size of the sheaf figure measured 
on a perimeter screen is about 20-40 de- 
grees horizontally and vertically. According 
to Traquair," this corresponds to 40-80 cm. 
on a screen at 1 meter. With fatigue the 
size of the phosphene dwindles to about 10 
degrees in both directions. 

The details of the sheaves are sharp, 
crisp, and clear in early observations and 
become indistinct and blurred as the phe- 
nomenon “fatigues.” The best and largest 
figures are reminiscent of the projection of 
a hula skirt, and they show about 20 ares. 
With fatigue the number dwindles to three 
or four. The apical region is not pointed 
but truncated; so it may be likened to the 
waist in the skirt simile (see Fig. 1). 

If a sudden eye movement is other than 
horizontal, the only change of the phosphene 
is one of orientation and, possibly, size. The 
apex will point in any direction in which 
a flick is possible, but the size may diminish 
if the eye movement is less abrupt and 
forceful. Contraction predominantly in- 
volving the internal rectus always gives the 
largest and most detailed figure in any series 
of observations. The figure for each eye 
always remains in the temporal field with 
the apex about 10 to 20 degrees from the 
fovea, the separation varying with the direc- 
tion in which the apex points. If the apex 
points away from the fovea, the central arcs 
of the sheaf may overlap the fovea or trans- 
gress it. Such a transgression is not marked 
by a change of intensity of the respective 
ares. Vertical flicks require much practice 
but otherwise conform to the general 
scheme. The phosphenes lie temporal to the 
foveae with the apices near the horizontal 
line through the foveae, and with the bulk 
of the figures trailing in the “from” quad- 
rants. In neither upward nor downward 
flicks were any differences seen between 
the phosphenes of the two eyes. 

A complex experience was obtained upon 
rolling the eyes. This required practice and 
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immediate recording in order to obtain con- 
sistent reproducible results. In this expe- 
rience successive distinct phosphenes 
appeared in each eye. These may be likened 
to the tracks of an invisible cat circling 
an equally invisible tree.t In this simile 
the tree stands for the apparent center of 
gyration; the cat’s tracks are successive 
phosphenes, each distinct from the next and 
apparently trailing closely the moving 
“gaze” of the closed eye. 

Each eye sees an independent circle of 
cat tracks, the two circles having their 
respective centers in the temporal quadrants 
between 10 and 20 degrees from the fovea 
and near the horizontal meridian. 

If the lighting is properly adjusted the 
whole series of observations can be carried 
out in a dimly lighted room facing a black- 
board. The phosphenes can then be traced 
with a piece of chalk and measured with 
reference to the positions of the observer's 
eyes. In this open-eye procedure the phos- 
phene is usually less prominent and less 
brilliant than with the closed eye. This 
type of experiment is subject to misinter- 
pretation: The position of the horizontal 
flick phosphene may now seem to be in the 
general direction of the final gaze. Careful 
analysis, however, shows that as the eyes 
are rapidly moved from midposition to, 
e. g., the far left, the phosphene of the right 
eye still appears to the right of the center 
of the new gaze. The phosphene remains, 
then, in the temporal quadrant. 

It thus appears that the apex of the flick 
phosphene is centered upon the optic disc. 
Thus it invariably appears in the temporal 
visual field. The horizontal extent of my 
own blind spot is 3 degrees on the hori- 
zontal axis from +15 to +18 degrees for 
the right eye and —15 to —18 degrees 
for the left eye, respectively. Measuring 
the horizontal flick phosphene in case of a 
right-to-left movement (Fig. 2), I find 
that the phosphene extends from about + 10 
to about +50 degrees in the right, or trail- 


+ Note, however, that the cat is walking back- 
ward; that is, its pawprints face in the wrong 
direction. 
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Fig. 2.—The phosphenes of a right-to-left flick and an interpretation relati 
topography of their origin. The upper two drawings show the phosphenes as seen. 


ing, eye. Here the apex points nasad. In 
the left, or leading, eye the phosphene 
extends from about —20 degrees at the 
apex to 0 or +5 degrees distally—if the 
fovea is transgressed. For this eye 
the phosphene points temporad (Vig. 24 and 
C). 

The flick phosphene is of only a moment's 
duration, appearing suddenly and then im- 
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to the 
lower 
two represent my projection of the phosphene back to the retina. The opposing arrows illus- 
trate the shearing forces set up by the acceleration of the globe wall and the inertial retardation 
of the vitreous. N, nerve; F, fovea. The projected “phosphene” has been tilted and slightly 
displaced by artists license, to make it visible in the drawing. 


mediately and rapidly fading. The whole 
phenomenon is estimated to last about one- 
third of a second. 

The sensation of the phosphene is simul- 
taneous with the onset of muscle action. 
As my lids feel the motion of the eye, the 
phosphene has been or is being consciously 
recorded. If one accepts this at face value, 
it is implied that the phosphene is linked 
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with stresses set up at the onset of the flick, 
during the acceleration of the globe, not 
with the overshoot of the vitreous which 
supposedly occurs at the time of decelera- 
tion. This, then, allows one to draw a simple 
diagram of the shearing forces in each eye 
during the accelerative, or early, phase of 
the flick, including in the diagram the phos- 
phene not as it is seen but (by simple 
geometry) its projected and assumed origin 
in the retina (Fig. 2B and D). 

In the upper half of Figure 2 the phos- 
phene is shown for each eye, together with 
a marker for the fovea. At A the phosphene 
of the left eye is seen pointing temporad, 
and smaller and paler than the correspond- 
ing phosphene in the right eye, shown at C. 
In A the apex of the phosphene appears 
farther from the fovea than at C. The dis- 
tances drawn represent the best obtainable 
estimates. In B and D of Figure 2 the 
eyeballs are shown in horizontal section. 
The fovea F and the nerve N are indicated 
schematically. The projected and thus as- 
sumed site of the phosphene is superim- 
posed, with a 45 degree tilt of the plane of 
the phosphene relative to that of the page. 
It thus seems that the missing apex of the 
sheaf figure represents the area of the disc. 
The bows of the phosphene may be likened 
to the streaming family of waves in the 
lateral wake of a ship in slow motion. Thus 
it would be acceptable to say that during a 
quick eye movement the region of the nerve 
head causes the phosphene through interac- 
tion with adjacent structures. However, the 
phosphene does not originate in the nerve 
head proper. The stress between the at- 
tachment ring of the vitreous and the mass 
of the vitreous proper is mechanically trans- 
mitted to the retina, causing elements to fire 
in the pattern of the phosphene seen. The 
posterior attachment ring of the vitreous, 
surrounding the nerve head, is believed to 
be the histological site corresponding to the 
apex of the phosphene. 

The assumed deformation of the posterior 
face of the vitreous can best be visualized in 
a model experiment. <A_ thin polyvinyl 
formal (Formvar) membrane is floated on 
Nebel 


water. A small wire loop is placed in the 
center of the surface of the membrane. 
If the loop is given a slight horizontal push, 
a set of folds appear in the “wake” of the 
loop which bear a remarkable resemblance 
to the shape of the flick phosphene sheaf. 
The relative lengths of the individual arcs 
are not strictly comparable to those observed 
for the flick posphenes. In the eye the bows 
are almost identical in length, while on the 
flat water surface the central rays are the 
longest. This difference is ascribed to the 
spherical curvature of the outer surface of 
the vitreous. 

Other Observers.—There are six other 
observers, two local and four in other cities, 
who are able to see the flick phosphenes 
without difficulty. They describe figures es- 
sentially similar to my own in shape and 
behavior. Observer A remarks that her 
phosphenes exhibit a sharp apex, without 
blunting. Her drawings show straight rays, 
not ares, with the whole sheaf located in 
the temporal quadrant. No explanation for 
the difference in observer A’s observation 
is at hand. Observer D describes a certain 
degree of variability of the shape of the 
phosphene. I myself find a _ consistent 
difference in the phosphene of the left eye 
in case of a vertical upward flick. In this 
case and here only the blunt apex appears 
bridged and the distal, or tail, end of the 
sheaf carries a weakly luminous crescent. 
The outer margin of the crescent and the 
outermost rays constitute the periphery of 
a perfect circle. This gives my exceptional 
phosphene the closest approach I can obtain 
to the “fiery ring” of Purkinje *' and the 
figure of Helmholtz.5 

Observer B agrees completely with the 
general description of my own observations. 
He states that observing the phosphenes 
gives him a headache. Purkinje states that 
he also suffered from cephalalgia as a result 
of the exercise necessary to see his “fiery 
rings.” Observer C places the phosphene 
in the “to” quadrant, -with eyes open.t 


tIt was Observer C who, having become in- 


terested in his own flick phosphene, inspired the 
present study. 
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This divergent report is ascribed to a mis- 
apprehension under which I myself labored 
until the marking of the fovea with an 
afterimage was suggested (Observer C was 
reporting on open-eye observations). At 
the end of a flick it is tempting to call 
whatever one sees in the training eye nasal, 
although it actually is temporal to the fovea. 

Observer D states that he has been keenly 
aware of this and other phosphenes for the 
past 23 years. He gives credit to his 
teacher, W. D. Zoethout, for having had 
full cognizance of the flick phosphene and 
as having made it an optional class exercise. 
Perhaps due to this early and persistent 
training, Observer D states ‘hat in his ex- 
perience the phosphene does not fatigue 
even with 180 consecutive flicks. He sees 
the same configuration as I, but he states 
that one eye gives much better results than 
the other. Observer D can observe his 
phosphenes during 24 hours of the day if 
the room is darkened (I can not). Observer 
E takes no exception to my general descrip- 
tion. Observer F, after reading the manu- 
script, stated that he had observed the flick 
phosphene for not more than four years. 
He is now 51. 

Age of Observers.—While the seven fully 
positive Observers A to F and I are now 
over 40, Observer D has seen the flick 
phosphene since his 20's, This is considered 
exceptional. 

Health of Observers—To the best of 
my knowledge, all fully positive observers 
are in good health. They have not reported 
any diseases of their eyes, (For my own 
examination, see Addendum. ) 

Negative or Partially Negative Observers. 

As mentioned above, 39 research physi- 
cians and biologists answered a_ written 
questionnaire which was given to them after 
a brief explanation. Of the 39, there were 
19 whose reports were totally negative. Thir- 
teen saw rings, vertical streaks, or crescents; 
one observer reported seeing rings some 
of the time and at other times a large 
peripheral crescent, possibly related to the 
ora serrata. Of these thirteen, five localized 
the phosphene in the “to” quadrant, three 
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thought it to be in the “from” quadrant, and 


‘five did not or could not determine its 


quadrant. 


Distribution of Observers.—Of 39 per- 
sons who answered a written questionnaire 
(1 am including Observer C and myself in 
this group), 19, or about 50%, are com- 
pletely negative. Thirteen, or about 33%, 
see some form of the flick phosphene other 
than my own. Seven, or about 18%, are 
fully positive. (This group is overweighted 
by Observer C and myself). It seems, 
then, that 50% of this selected population 
with clinically normal eyes has some entoptic 
response from flick movements of the dark- 
adapted eye with closed eyelids in dark sur- 
roundings. While the 13 persons reporting 
some other flick phosphene are scattered 
over the entire age range, this is not true of 
the full-positives. It is my guess that if the 
inquiry were carried further but limited 
to persons over 40-45 and trained in biology 
and/or medicine at least 20% of full-posi- 
tives might be found. Thus, in persons 
trained in self-observation and over 40-45 
the flick phosphene is believed to be fairly 


common, 


Comment 


There is considerable evidence that the 
phosphenes of quick eye movement result 
from a primary deformation occurring at or 
near the posterior face of the vitreous. 
Hilding® has studied the mechanics and 
hydromechanics of the vitreous during such 
movements and finds that in acceleration and 
deceleration the vitreous lags behind the 
globe wall. He finds also that torsional (or 
shearing) forces at the interface of vitreous 
and retina are greatest when the outer layers 
of the globe wall attain their greatest ve- 
locity during the flick, and the inertial drag 
of the vitreous upon the retina is greatest 
at this time. The torsional forces of the 
surface of the vitreous are transmitted 
through the attachments of the vitreous to 
its immediate surroundings. Among beef 
eyes, Hilding ® even found individual varia- 
tions in the “slack and lag,” hence in the 
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shearing forces in the “wake” of the loop 
forming the attachment. 

Pischel ® describes a slit-lamp appearance 
in patients with detachment of the vitreous 
thus: “The posterior face can be seen to 
undulate like a jellyfish in water due to the 
movements of the eye . . . when the vitreous 
shrinks it gradually pulls free from the 
disc,” and then the vitreous almost always 
shows some form of annular opacity in its 
posterior membrane. A good description 
of the posterior face of the vitreous is also 
given by Wolff.” 

My thesis may be stated as follows: Flick 
phosphenes originate as deformations of the 
posterior face of the vitreous. This de- 
formation is transmitted directly to the 
retina and entoptically seen as the result of 
mechanical firing of ‘unidentified elements. 
The elicitability of the phosphene represents 
a normal sort of vitreous “detachment” or 
looseness which occurs beyond a certain 
point in the life cycle. This “physiological” 
detachment as a precocious senescent phe- 
nomenon has “lots of company” in other 
parts of the eyeball. 

Four of the fully positive observers I 
have located report stability of their obser- 
vations over several years and to date. 
Others have only recently become conscious 
of the phenomenon. It would seem, then, 
that in all these observers the vitreous is 
still attached to the disc, but as a whole it 
can be assumed to have shrunk just enough 
to admit a very thin layer of subvitreal 
fluid. This layer I assume to be only a few 
micra thick. The subvitreous fluid layer 
would permit a patterned local deformation 
of the posterior face of the vitreous to 
occur and to impress itself mechanically 
upon the retina. If the shrinkage of the 
vitreous should progress (physiologically? 
pathologically?) without detachment around 
the disc, one might expect that the multiple- 
arc pattern would become faint and/or 
blurred, then both, then unobtainable. The 
normal flick phosphene of the present paper 
would then be replaced by that species of 
Moore’s lightning streaks which is caused 
by more extensive vitreous detachment, as 
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pointed out by Verhoeff in the discussion of 
Pischel’s paper.* Future observations should 
show whether or not the clinical genesis of 
the full-blown detachment of the vitreous 
is sometimes or always preceded by a pre- 
clinical stage of varying duration during 
which the normal sheaf of arcs is seen. 

The present phenomenon has nothing to 
do with Haidinger’s brushes, the blue ares 
of Purkinje, or any other sheaf-like entoptic 
appearance. It is related rather to other 
instantaneous entoptic effects of sudden 
local pressure upon the retina such as the 
ring of “light” one readily generates with 
a finger-tip at the outer canthus. It localizes 
the disc in the subjective visual field and to 
this extent is related to some other entoptic 
phenomena, especially Purkinje’s fiery rings 
and Friedman’s * observations. 

Alternative explanations of the flick 
phosphenes may be considered. Direct de- 
formation in the neighborhood of muscle 
insertions must be dismissed on several 
grounds, The angular measurements do 
not fit the topography of these insertions. 
The shape of the flick phosphene does not 
correspond to the aponeuroses of an extra- 
ocular muscle. It can be elicited in diagonal 
movements which bisect the angle between 
recti. Most important of all, its orientation 
in a given eye is reversed without change 
of its shape or the position of the apex, 
simply by reversing the direction of the eye 
movement. The possibility of an action- 
current spill from the innervation of the 
muscle to the retina must be dismissed a 
priori because of the wide separation of 
muscles and retina and because no such 
leak phenomena are known to occur gener- 
ally. Much the most plausible earlier sug- 
gestion is that the flick phosphene is caused 
by pull on the optic nerve. Purkinje ® (p. 81) 
“deduced the light of the ‘fiery ring’ to 
originate from the sudden stress on the 
optic nerve” (my translation). If this is 
tentatively accepted, it still begs the question 
of how this stress has its effect in the retina 
at the locus where the phosphene is ob- 
viously generated. Friedman * has suggested 
that the retina itself is pulled into a set 
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of folds, of which the phosphene is an 
image. I do not wish to dismiss this sug- 
gestion at all lightly, but it fails to appeal 
to me on the grounds of the architectural 
fine structure of the retina. 

The present phenomenon may be normal, 
a physiological aura of local intraocular 
senescence, or it may be preclinically 
pathological. Clinical diagnosis may con- 
ceivably be aided by awareness of, and 
eventual better understanding of, the phos- 
phene patterns described here. It is at least 
possible that in the “subclinical population” 
several types, or at least grades, of flick 
phosphene may be found, perhaps connect- 
ing definitely pathological lightning flashes 
with the apparently normal phenomenon of 
the present investigation. Further anatomi- 
cal studies may reveal individual morphologi- 
cal differences (possibly inherited) in the 
attachments of the vitreous body into the 
region of the optic dise. Such differences 
might be related to variations in the phos- 
phenes reported by individual observers and 
to items in ophthalmological histories the 
import of which could not otherwise be 
appreciated, 

Summary 

Eye movement phosphenes of a hitherto 
incompletely recorded but probably common 
type are described. Seven persons out of 
about one hundred, now all over 40, reported 
consistent and repeatable observations. The 
flick phosphene is ascribed to an instanta- 
neous and transient deformation of the 
posterior surface of the vitreous emanating 
in a particular “polarized” pattern from its 
attachment at the optic dise. This deforma- 
tion is due to an inertial lag of the vitreous 
when the eye is suddenly “flicked.” The 
deformation is postulated to be directly 
transmitted to the retina and to cause, in the 
deformed regions on the retina, previsual 
activity which is observed entoptically as 
the flick phosphene in the dark-adapted and 
rested eye. The phenomenon is considered 
to be possibly an early senescent sign of a 
normal, slight shrinkage of the vitreous. 
This prerequisite condition differs from 
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frank vitreous detachment, although the 
flick phosphene may be related to Moore's 
“lightning streaks.” As a subclinical phe- 
nomenon, the flick phosphene may have po- 
tential diagnostic and prognostic value. 


Addendum 


After completion of the manuscript, my 
eyes were examined by Dr. Frank W. 
Newell, at the University of Chicago clinics, 
and by Dr. Alson E. Braley, at the Univer- 
sity of Iowa. The reports are as follows: 

Ocular E-xamination—Bernard R. Nebel, 
M.D. (Dr. Newell).—Vision is corrected 
to 20/20 in each eye with R. —1.50 cyl, ax 
150; L. —1.75, cyl, ax 175. Externally, 
blepharochalasis is present. The anterior eye 
and orbit is otherwise normal. Intraocular 
pressure is 17 mm. of mercury (Schietz), 
right and left. The lenses show anterior 
cortical opacities plus coronary opacities. 
These developmental anomalies are consid- 
ered to be without significance. 

Ophthalmoscopic examination indicates 
the media to be clear; the discs are normal, 
with very small scleral crescents bilaterally; 
the maculas are normal. A small posterior 
vitreous detachment is readily visible in the 
left eye between the disc and the macula. 
Temporally, the optically empty space be- 
tween the retina and the posterior boundary 
of the detached vitreous is very narrow, and 
it appears unlikely that the detachment ex- 
tends much beyond the macula region. In 
the right eye a very small vitreous detach- 
ment is present between the disc and the 
macula, the optically empty space being 
slightly wider above than below. 


Diagnosis: Myopic astigmatism. 

Ocular Examination (Dr. Braley).—Dr. 
Nebel was examined on March 31, 1957. A 
contact lens was placed in the left eye, and 
the fundus was examined with the slit-lamp 
microscope. The vitreous was detached 
superiorly and slightly temporally, and the 
superior face of the vitreous extended down 
almost to the vicinity of Cloquet’s canal. 
Cloquet’s canal could be followed back to 
near the dise. At the disc the vitreous was 
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slightly detached. There was a clear space 
between the posterior face of the vitreous 
and the anterior layers of the nerve head. 
Over the macula the detachment of the 
vitreous was most interesting. Beginning at 
the fovea and extending toward the disc and 
temporally from the macula, the vitreous 
was detached in a circular manner, as if 
it were pushed away from the retina. There 
was a clear space between the posterior thin 
face of the vitreous and the anterior surface 
of the nerve fiber layers of the retina. This 
was particularly pronounced at the fovea. 
The posterior face of the vitreous was 
thrown into folds which looked like the 
ripples on a pond. These ripples apparently 
began near the point where the fovea cen- 
tralis originated and extended temporally. 
If the light were adjusted correctly these 
ripples seemed to cast a slight shadow onto 
the retina. The vitreous was detached nearly 
the thickness of the retina. The right eye 
was not examined as completely as was the 
left eye, but a similar detachment of the 
vitreous was present in this eye. A. E, 
Braley, M.D. 

The manuscript has been critically read by Drs. 
H. A. Blair, L. E. Lipetz, F. W. Newell, and 


Gordon L. Walls, all of whom have given me aid 
in the form of constructive suggestions. 


Division of Biological and Medical Research, 
Argonne National Laboratory, Box 299. 
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The Multiple-Pattern Tachystoscopic Visual Field 


Screener in Glaucoma 


WINSTON ROBERTS, M.D., Winston-Salem, N. C. 


The development of the multiple-pattern 
tachystoscopic visual field screener by Har- 
rington ' has made a highly useful new tool 
available to all interested in the detection 
of and care of glaucoma. Its usefulness in 
industrial medicine and other fields is also 
being increasingly documented? 

Both the need for epidemiologic study of 
primary glaucoma and the infinitely greater 
effectiveness of therapy undertaken early in 
the course of the disease make a reasonably 
accurate screening procedure for glaucoma 
a highly desirable goal, and some form of 
visual field testing can scarcely fail to be 
included in such a procedure, Since the time- 
consuming nature of classic methods of 
central field testing, plus the need for skilled 
operators to perform the test, almost pre- 
cludes their use in mass screening tech- 
niques, the multiple-pattern tachystoscopic 
visual field screener has appeared to offer 
the best substitute yet found which can fill 
the needs for a reasonably accurate detec- 
tion or exclusion of early defects in a short 
time, with easy performance of the test by 
nonphysician office help. 

In an attempt to evaluate its usefulness 
in glaucoma case-finding, the multiple-pat- 
tern tachystoscopic visual field screener has 
been used routinely on all office patients 35 
years and over, plus any younger persons in 
whom glaucoma was suspected, as a part of 
our procedures in this clinic. This report 
is an analysis of the first 1500 such exami- 
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nations and the correlation between findings 
with the screener and with more classic 
methods of central field testing. Included 
in these 1500 examinations are tests on 67 
previously known early glaucoma cases, 
some of open- and of some closed-angle 
type, some with definite visual field loss 
on ordinary field testing and some without, 
plus an additional 33 cases regarded as 
glaucoma suspects because of certain fea- 
tures of their objective examination or his- 
tory. Otherwise, these 1500 examinations 
include only unselected routine office visits. 

In this series of 1500 tests, 133 positive 
tests were found. Table 1 shows the dis- 
tribution of these positive tests between 
previously known cases of glaucoma, new 
cases of glaucoma with positive findings ex- 
plained by other obvious ocular or central 
nervous system pathology, and cases with 
findings regarded as false or resulting from 
pathology not immediately obvious. The 
“new glaucoma” group includes patients not 
previously known to have glaucoma but 
proved to have glaucoma by complete work- 
up subsequent to the initial screening. 

In Table 2 the visual field findings as 
determined by the tachystoscopic screener 
and on the tangent screen in the 67 prev- 
iously known glaucoma cases and in the 40 
new glaucoma cases found during these 
tests are compared. The 67 known cases of 


TABLE 1.—Distribution of Positive Tachystoscopic 
Tests 


Cases with Positive Multiple- 


Condition Pattern Fields, No. 
Known glaucoma 39 
New glaucoma 31 
Other ocular or C.N.S. pathology 23 
Pathology undetermi 
or false positives 40 
Total 133 
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MULTIPLE-PATTERN SCREENER 


TaBLeE 2.—Proved Glaucoma 


Correlation * 


Field Findings Known New 
Glau- Glau- Posi- Nega- 
coma coma tive tive 
Tachystoscopic positive, 
tangent screen positive 
Tachystoscopic positive, 5 4 SS 16 
tangent screen negative 
Tachystoscopic negative, y 1 Equivocal 
tangent soreen positive J 
Tachystoscopic negative, 1 8 
screen negative 
otal cases 67 40 107 


* Correspondence of findings on tangent screen and with mul- 
tiple-pattern tachystoscopic screener in proved early glaucoma. 


glaucoma were selected more or less at 
random from among our series of proved 
early glaucoma cases as a means of evaluat- 
ing the degree of correspondence between 
field findings determined with standard 
techniques and with the tachystoscopic 
methods. These include cases of early sim- 
ple glaucoma, some with and some without 
demonstrable field loss but all with con- 
sistently abnormal aqueous outflow and 
water provocative tests and, in addition, 
cases of closed-angle glaucoma which have 
either had congestive episodes or positive 
pupillary dilatation provocative tests. The 
eight cases listed as equivocal under the 
correlation column gave unreliable results 
on either the tangent screen or the tachy- 
stoscopic screener, or both. 

Table 3 gives the results in 33 cases 
which were suspected of having early, or 
low-tension, glaucoma, along with the cor- 
relation between the standard and tachysto- 
scopic testing methods. It is interesting and 
significant that in these equivocal cases the 
correlation between the methods is poorest. 


TABLE 3.—Results in Thirty-Three Glaucoma 


Suspects 


Correlation with 
Tangent Screen 


Positive Negative 


Tachystoscopic Tachystoscopic 
Fields Fields 


Positive Negative 
21 12 


Roberts 


Comment 


The results of these tests indicate that the 
multiple-pattern tachystoscopic method for 
visual field testing is not only a quick but 
also a sensitive and accurate tool in glau- 
coma work, especially in glaucoma case- 
finding. Even in very early glaucoma, where 
the field changes are slight or absent, and 
often changing, the tachystoscopic method 
appears to be nearly as sensitive as standard 
central field techniques using the 1/1000 
white isopter, and correspondence between 
the methods is somewhere between 80% and 
90%, as judged from this relatively small 
series. It is only in the equivocal cases, 
which are often equivocal because of poor 
patient reliability, that the correspondence 
between the techniques becomes less. 


Summary 


The results of 1500 multiple-pattern 
tachystoscopic visual field screening tests 
are tabulated. 

The findings in 67 previously known 
early glaucoma cases, in 40 new glaucoma 
cases, and in 33 glaucoma suspects are 
compared with central field findings as de- 
termined on the tangent screen. 

The multiple-pattern tachystoscopic visual 
field testing method can be regarded 
as a reliable and useful aid in glaucoma 
case-finding and in glaucoma follow-up 
where standard techniques are not feasible 
or seem unreliable. 

Bowman Gray School of Medicine, Wake Forest 
College (7). 
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of the Rabbit 


5. REIMER WOLTER, M.D., Ann Arbor 


The cornea is known to be supplied by a 
complicated system of nonmedullated nerve 
fibers which originate in the ciliary plexus. 
These nerves enter the cornea from the 
limbus in the middle layers of the stroma. 
They lose their myelin sheaths soon after 
entering the stroma and divide into many 
branches as they run centrally and anteriorly 
toward Bowman's membrane, which they 
penetrate through the pores. The nerve 
fibrils form a plexus beneath the epithelium, 
send up branches between the epithelial 
cells, and end in round or pear-shaped end- 
bulbs (Friedenwald'). Histologic evidence 
for the existence of three different types of 
nerve fibers in the corneal stroma has been 
described elsewhere (Wolter*). Surpris- 
ingly, however, the nervous system of the 
cornea is generally believed to be limited to 
the stroma, the subepithelium, and the 
epithelium. In the literature we find no 
histological reports indicating the existence 
of nerves and nerve endings in the corneal 
endothelium. 

The endothelium represents a 
single layer of flat, mesodermal cells at the 
posterior surface of the cornea. This layer 
has undoubtedly important functions. It 
is known to be responsible for the normal 
state of dehydration of the corneal stroma. 
Destruction or degeneration of the endothe- 
lium results in swelling, loss of transparency, 


corneal 
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Innervation of the Corneal Endothelium of the Eye 


and 


final secarification of 
epithelium of the cornea. 

The question of whether there are nerves 
in the endothelial layer of the cornea or 
not is not discussed in most textbooks and 
papers on the subject (Parsons,* Lauber,‘ 
Duke-Elder,® Wolff,® Friedenwald,! Adler,’ 
Thomas," Dogiel,® Egorow,’® Abraham," 
Zander and Weddell,'* Engelbrecht,"® Vra- 
bec,!* and others). There are authors, how- 
ever, who have expressed the opinion that 
the corneal endothelium does not contain 
any nerve fibers (Attias °; Agababow '*). 

This paper represents the description and 
photomicrographic recording of nerves in 
the corneal endothelium of the normal eye 
of a rabbit as evidence for the existence of 
such nerves. 


stroma and 


Material and Method 


Normal eyes of rabbits were fixed in 
bromformalin (solution of Cajal). The 
corneae were isolated by a cut through the 
limbal area with a razor blade. Flat sections 
of the corneae were made on the freezing 
microtome. The panoptic silver carbonate 
method of del Rio Hortega was used to 
stain these sections. The technique and the 
possibilities of this method are described in 
detail by Scharenberg and Zeman.’" All 
illustrations contained herein are unre- 
touched photomicrographs. 


Histological Description 
lragments of nerve fibers were seen in 
the corneal endothelium of several normal 
rabbit eyes. In the endothelium of one 
normal rabbit cornea, however, it was possi- 
ble to stain the whole course of one nerve 
fiber continuously from the limbus area 
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INNERVATION OF CORNEAL ENDOTHELIUM 


Fig. 2.—Further dicho- 
tomic branching of the 
nerve fiber in the endo- 
thelium of the rabbit. The 
nerve fibers have close 
relationships to the proto- 
plasm of endothelial cells 
See Section 2 of Figure 
7. Hortega method; 
photomicrograph. 


toward the center. This nerve, its branches, 
and its terminations will be described here. 
A reconstruction of the nerve fiber with its 
main branches is presented in Figure 7. 
Our sections do not allow for a discussion 
of the origin of this endothelial nerve fiber. 
The main fiber is already seen in the 
endothelium in the extreme periphery of our 
sections. It runs right through the middle 
of this single layer of flat star-shaped cells, 
in very close contact with the protoplasm 
of these cells. No cells of Schwann are 


Wolter 


Fig. 1.—Main nerve on 
its course in the periph- 
eral endothelium of the 
rabbit, with dichotomic 
division into branches. 
See Section J of Figure 
7. Hortega method; 
photomicrograph. 


A 


seen accompanying the nerve. The main 
fiber branches dichotomically (Fig. 1). Both 
of its branches divide again and again after 
irregular distances (Vigs. 2, 3, and 4) and 
supply a sector-like area of the endo- 
thelium with nerves. The fibers become very 
delicate after repeated branching (Figs. 5 
and 6). Clearly, they run partly within the 
protoplasm of endothelial cells and some- 
times have close relationships to the cellular 
nuclei. The terminal fibers are still clearly 
visible in the sections, but they are so fine 
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Fig. 4. —- Dichotomic 
branching of finer nerves 
at the margin of the slide 
of the corneal endothe- 
lium. See Section 4 of 
Figure 7. Hortega meth- 
od; photomicrograph. 


Fig. 3.—Two small 
nerve fibers leave a main 
branch of the rabbit endo- 
thelium at almost right 
angles. See Section 3 of 
Figure 7. Hortega meth- 
od; photomicrograph. 


Fig. 5.—Two nerve fi- 
bers of different sizes in 
the corneal endothelium 
of the rabbit. The hook 
formation of the thicker 
nerve fiber at its lower 
end in the picture is an 
artefact. See Section 5 of 
Figure 7. Hortega meth- 
od; photomicrograph. 
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INNERVATION OF CORNEAL ENDOTHELIUM 


that it is not possible to see them in photo- 
micrographs. 

It is my impression that the terminal 
branches of the described nerve fibers end 
with very delicate, network-like structures 
which extend into the protoplasm of endo- 


Wolter 


Fig. 6.—This fine nerve 
fiber of the corneal endo- 
thelium of the rabbit runs 
through the protoplasm of 
the endothelial cells and 
often has close contact 
with the cellular nuclei. 
This is not a_ terminal 
fiber, but it is about the 
finest nerve to be recog- 
nized in a_ photomicro- 
graph. See Section 6 in 
Figure 7. Hortega meth- 
od; photomicrograph. 


Fig. 7.—Reproduction of a photomicrographic reconstruction of a branching nerve fiber 
which supplies a sector-like area of the endothelium of a normal rabbit eye. Figures 1 to 6 
represent sections of this reconstruction at high-power magnification. 


thelial cells. Only a few of all endothelial 
cells, however, are seen to be supplied by 
such nerve endings. 

Nerves of the type deseribed here are 
the only nerve structures found in these 
sections of the rabbit endothelium. No other 
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endings or end-apparatus are seen besides 
these fine network-like terminations. The 
endothelial cells which are supplied by the 
nerve endings do not look in any way dif- 
ferent from those without such endings. 


Comment 

The present findings are evidence for the 
existence of nerve fibers in the normal 
corneal endothelium of the rabbit eye. These 
nerves run and branch within the endothelial 
layer. They have a close relationship to the 
endothelial cells but possess no accompany- 
ing cells of Schwann or similar elements. 
Their endings represent extremely delicate 
network-like structures which extend into 
the protoplasm of endothelial cells. A special 
technique of corneal sectioning would be 
necessary to visualize the origin of these 
nerves. Obviously, they enter the endo- 
thelium in the extreme periphery. It is pos- 
sible that these nerves do not originate from 
the corneal nerve bundles in the stroma but 
somewhat more posterially. 

The course and the type of branching and 
termination of the endothelial nerves is very 
similar to that of the second type of nerve 
fibers of the corneal stroma of the rabbit 
eye previously described.’4* These nerves 
also run through the cells of the stroma, 
divide dichotomically, and terminate within 
the protoplasm of stroma cells. I believe 
that this “second type” of fibers in the 
stroma is part of the automonic nervous 
system. My anatomical study does not yet 
allow any conclusions as to the classification 
and functions of the nerves in the endo- 
thelium. 

So far, I have been unsuccessful in at- 
tempts to stain nerves in the endothelium of 
the human cornea. However, it seems likely 
that improved techniques may enable us 
someday to visualize such nerves also in 
man, 

Summary 

This paper is a description and photo- 
micrographie recording of nerves in the 
corneal endothelium of the normal eye of a 
rabbit, 

Neuropsychiatric Institute, University Hospital. 
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Evaluation of Scleral Tucking Procedure for Retinal 
Detachment 


ROBERT M. STURMAN, M.D.; JOSEPH LAVAL, M.D., and VICTOR J. WEIL, M.D., New York 


Recently, Everett ' described his operation 
producing an external scleral fold in the 
treatment of detachment of the retina. Ac- 
cording to Everett, such scleral folding, or 
tucking, is deemed worthy of serious con- 
sideration because it is technically simple 
and should, theoretically, produce the same 
result as the more extensive and complicated 
scleral resection. We became curious to 
study the histologic changes in the sclera 
created in this procedure, with a view to 
evaluating, if possible, the effectiveness and 
permanency of the operation. 

It was our intention to create an outward 
fold of sclera, pass sutures through the fold, 
and examine the tissues after suitable in- 
tervals of time in order to ascertain whether 
adhesions formed between the scleral sur- 
faces brought into apposition in this simple 
manner. We wished to determine whether 
a solid union would result and whether 
fibrosis and scar formation would ensue in 
the fashion of a healing wound. 

It is a well-authenticated fact that after 
scleral resection, or lamellar resection, even 
though the scleral wound is well approxi- 
mated by thorough suturing, the globe 
gradually regains its original size. We 
wanted to know whether the same thing 
would happen after scleral tucking by 
Everett’s method. For that reason this 
experiment was undertaken on rabbits’ eyes. 

We carried out the procedure of scleral 
folding on six eyes of white rabbits and 
planned to study two of the eyes 4 weeks 
postoperatively, two eyes 8 weeks post- 
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Figure 1 


operatively, and the final two eyes 12 weeks 
postoperatively. The procedure was carried 
out according to the technique of Everett. 

Figure 1. An incision was made in the 
conjunctiva over the superior portion of the 
eyeball, and the flap was reflected. The 
superior rectus muscle then came into view, 
and it was detached in order better to 
expose the scleral surface. Next, an incision 
was made through the sclera with a Bard- 
Parker knife. With Stevens scissors, one 
side of the scleral wound was very cau- 
tiously undermined, creating a cleavage 
plane between the sclera and the supra- 
choroid. Great care was taken to hug the 
inner surface of the sclera and avoid 
choroidal bleeding. 

Figure 2. Next, the cyclodialysis spatula 
was passed into the suprachoroidal space 
and the area of sclera was freed from the 
underlying choroid, The maneuver was done 
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Figure 2 


very carefully to avoid injury and penetra- 
tion of the choroid and retina. 

Figure 3. When the sclera had been 
sufficiently mobilized, the assistant grasped 
the loosened area of sclera with fixation 
forceps, bunching it up into a true scleral 
fold. Through this fold, the surgeon then 
passed a heavy black nonabsorbable surgi- 
cal (silk) double-armed suture, in mattress 
fashion. 

Figure 4. A second double-armed suture 
was inserted about 5 mm. away from the 
first. The two mattress sutures were tied 
very tightly through the scleral fold. 
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Figure 5. The conjunctiva was then closed 
with two or three interrupted finer silk 
sutures, 

Postoperatively, the rabbits were given 
60,000 units of procaine penicillin daily for 
one week. The animals were well cared for 
and appeared entirely healthy otherwise. 
The rabbits’ eyes were enucleated according 
to plan—two at 4 weeks, two at 8 weeks, 
and two at 12 weeks. The eyes were fixed 
in Bouin's solution and embedded in paraf- 
fin, and sections were prepared for histologic 
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EVALUATION OF SCLERAL TUCKING 


SCLERAL FOLD 


Figure 6 


In order better to orient ourselves on the 
histologic sections to follow, we prepared a 
schematic diagram of a scleral fold (Fig. 
6). Here we see a very simplified drawing 
of the two limbs of the scleral fold. At 
the base of each limb is a hole repre- 
senting the track of the suture. Between 
the two limbs is an empty space where new 
granulation tissue must form if solid union 
is to result. An ideal section through the 
base of the scleral fold passes directly 
through the suture track on both sides. Pro- 
jected in cross section, the two limbs of the 
scleral fold appear more or less circular, 
with a smaller circular hole within, repre- 
senting the track of the suture. Within the 
suture track can be seen the actual fibers 
of silk constituting the suture material. 

There are two elements which we must 
consider seriously in evaluating the results 


of the operation. The first is the closure 


Figure & 
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Figure 7 


of the suture track, which would be repre- 
sented histologically by gradual disappear- 
ance of the central hole. The second element 
to be considered is approximation, or coapta- 
tion, of the two limbs of the scleral fold, 
which would be represented histologically 
by obliteration of the central empty space. 
The histologic sections to follow should be 
viewed in the light of this schematic cross 
section, 

Figure 7 is a section through the scleral 
fold of an eye enucleated after four weeks. 
There is no evidence of closure of the suture 
track. 

Vigure 8 is another section of a four-week 
eye, showing some indication of beginning 
healing. 

Figure 9 is a higher magnification of the 
same eye, showing fresh granulation tissue 
forming in a few areas, with early fibrosis. 


Figure 9 
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Figure 10 


Figure 10 is a section through the scleral 
fold of an eye enucleated after eight weeks. 
There is some very early healing and fibrosis, 
with a few new capillaries visible. The 
suture track, however, is still largely open. 
11 is another eight-week eye, 
showing a foreign body reaction. There is 
no evidence of union, coaptation, or healing. 


Figure 


Figure 12 is another section of an eight- 
week eye, in which one hole is almost closed 
and one still open. 

Figure 13. The same section, under higher 
magnification, shows a foreign body reaction, 
with some indication as well of young fi- 
brous tissue, 

Figure 14 is a section through a 12-week 
eye, showing some union, One hole is still 
not filled There is practically no dif- 
ference from the previous eight-week sec- 


tion, 


Figure 12 


Figure 11 


Figure 15 is another section of a 12-week 
eye. 

Figure 16. Under higher magnification, 
one can see almost complete filling in of the 
space between the two limbs of the scleral 
fold with newly formed tissue, following 
fragmentation of the suture. This would 
probably be a help in strengthening the 
coaptation of the fold. The section shows 
more definite fibrosis and firmer adhesion 
than any of the others. 

After 12 weeks, then, there is just be- 
ginning to be evidence of solid union. It 
is possible, of course, that, in future weeks, 
the adhesions may become firmer. However, 
the scleral tuck stays in place for at least 
12 weeks and most likely for a much longer 
period than that. This is more than sufficient 
time to allow 


for firm adhesions between 
as a result of the dia- 
would appear from this 


choroid and retina 
thermy reaction. It 
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EVALUATION OF SCLERAL TUCKING 


Figure 16 


Sturman et al. 


Figure 15 


study that scleral tucking has great merit 


in detachment surgery, 

The specimens were prepared by Miss Richard- 
son, and Dr. David Wexler helped with the 
microscopic studies and evaluations. 
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Clinical Notes, New Instruments and Techniques 


A Combination of a Magnetic Tangent Screen with 


the Harrington Multiple-Pattern Field Screener 


GEORGE S. ZUGSMITH, M.D., San Pedro, Calif. 


At the 1953 Session of the American 
Academy of Ophthalmology and Otolaryn- 
gology Conover and Spaeth! described an 
instrument which was devised to obtain 
more accuracy in central field examinations 
in less time than was usually required for 
this examination with other tangent screens. 
A concealed magnet was used to move the 
test object. The magnet moves through an 
open calibrated channel. 

Harrington and Flocks? described the 
multiple-pattern visual field screener in 
1954. They describe it as being an instru- 
ment for rapid qualitative examination 
which uses patterns printed in white fluo- 
rescent sulfide ink on 14 by 18 in. white 
cards; the fixation point is a 5 mm. black 
dot. 

In an article summarizing recent instru- 
ments for perimetry, * suggested the pos- 
sibility of combining the two instruments 
to eliminate a piece of apparatus in the 
office. 

The Harrington-Flocks screener was pre- 
pared by having a nonferrous top made 
which was covered with flocking.* The 
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back, or outside, surface had painted on it 
tangent screen circles accurate for 330 mm., 
and a fixation point was placed on the in- 
side. Magnetic test objects identical to those 
used on the Conover-Spaeth campimeter, 
were procured,} and the results were found 
to be comparable to those of Conover and 
Spaeth. There are two other advantages 
beside the one mentioned previously. 1. A 
fluorescent test object cemented to the head 
of a thumb tack can be used, with the known 
advantages possessed by fluorescent test ob- 
jects. 2, The modification of the Harrington 
and Flocks screener is less expensive than 
the purchase of another instrument. 
529 W. 8th St. 
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Physical optics is an exact science. When 
used for refraction of human eyes, however, 
it becomes an art, because it deals with two 
uncertain variables, the examiner and the 
person examined. It will reflect the reactions 
of each. No matter how careful and pains- 
taking the examiner and how cooperative 
the patient, there are many patients who 
still complain of eye strain. This is due to 
the fact that some things must be estimated, 
according to the response of the patient and 
the judgment of the physician. Many of 
these unsatisfactory cases result from in- 
correct estimation of the interpupillary dis- 
tances for far and near work. The methods 
of estimating the interpupillary distance 
(P. D.) are too well known to require much 
discussion. The most frequently used for 
distance is the method of squinting first 
with the right eye and then with the left 
over the edge of a ruler held in front of 
the patient’s eyes. After the P. D. for dis- 
tant vision is estimated, a deduction of 1, 2, 
or 3 mm. is made for near vision, which is 
pure guesswork. In spite of the greatest 
care, some of the patients afterward com- 
plain of eye strain. 

I believe that the devices and method of 
using them that I will describe will help 
take the guesswork out of estimating the 
P. D. and will help give the patient a more 
comfortable result. The devices consist of 


Fig. 1.—Disks with centrally placed tubules, for 
insertion in trial frame in front of lenses. 
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A New Method of Measuring Interpupillary Distance 


Fig. 2.—Patient manipulating disks. 


two circular disks with a centrally placed 
tubule in each, as shown in Figure 1. The 
disks are of a suitable size to fit into a trial 
frame. To get the I’. D. for distant vision, 
the disks are placed in the trial frame in 
front of the lenses that have been finally 
selected so that the opening of the tubule 
is in line with the optical center of the lens 
behind it, as shown in Figure 2. The patient 
looks at the distance chart, puts his fingers 
on the screw that moves the lenses in and 
out, and turns the screw till he sees the 
chart with each eye. If the lenses are too 
close together or too far apart, he will see 


Fig. 3.—A, two openings seen when disks are 
too near or too far apart; B, openings beginning 
to fuse; C, one opening seen when disks are in cor- 
rect position. 
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the chart through two separate holes, as 
shown in Figure 34. He continues turning 
the screw till the two holes begin to fuse, 
as shown in Figure 38. The patient keeps 
turning the screw until the two circles have 
fused into one (Fig. 3C). The P.D. for 
distant vision is then read off on the bar 
across the top of the trial frame. To get 
the P. D. for near vision, the patient holds 
a Snellen reading chart in one hand at the 
distance at which he expects to work with 
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his near vision glasses and manipulates the 
lenses in and out as before. The distance 
between the indicators on the horizontal is 
read off again. 

This method takes the guesswork out of 
estimating the pupillary distance for far and 
near vision. | have found that setting the 
lenses, especially the near lenses, at the 
proper distance relieves many cases of eye- 
strain that otherwise seem intractable. 

36 W. 40th St. 
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Toxoplasmic Uveitis 


J. V. CASSADY, M.D., South Bend., Ind. 


There have been so many references to 
toxoplasmosis as it relates to ophthalmology, 
during the past few years, that it seems to 
be developing into an American epidemic. 
This has occurred largely since 1937, after 
Sabin and Olitsky (1935) rediscovered 
the organism during their study of neu- 
rotropic viruses.'. Then, after Helenor 
Wilder,” in 1952, published her findings of 
Toxoplasma organisms in 41 eyes removed 
from patients between the ages of 16 and 72 
years, a new interest about the importance of 
Toxoplasma in granulomatous uveitis was 
incited. Two schools of thought have de- 
veloped about the role of toxoplasmosis in 
causing uveitis; one minimizes its signifi- 
cance and almost says it is unimportant, 
while the other group overemphasizes its 
moment and consequence in causing uveitis. 

Toxoplasmosis is widespread in man and 
animals; its distribution in nature extends 
from the most primitive to the most highly 
developed, It is found in rodents, insectivora, 
carnivora, artiodactyla (swine, sheep, cat- 
tle), fox, monkey, chimpanzee, baboon, 
birds, and reptiles, but so far it has not been 
found in amphibia. The organism is 
crescentic, or arc-shaped, 2p to 4 in width 
and 4p» to 7p in length. It is a fragile 
organism, easily destroyed by drying, freez- 
ing, heat, and disinfectants. 

In animals, after the organisms have 
proliferated at the site of infection, a para- 
sitemia develops. As antibodies appear the 
parasitemia clears, but organisms remain in 
the brain, in the adrenals, and in the heart 
after they have cleared from other organs. 
Proliferative forms of the organism invade 
cells, multiply, and burst the cell walls. Cysts 
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that are found in the chronic stage persist 
in retinal tissue, lying dormant for years 
long after the acute infection has entered 
a chronic, quiescent stage. These cysts can 
rupture, releasing organisms and antigen to 
incite an allergic or a necrotizing reaction 
of the affected tissue cells. The persistence 
of Toxoplasma in the eye and in the brain 
may be caused by organism specificity for 
nerve cells or may be due to lack of 
diffusion of antibodies into the eye and 
into the brain. Rupture of pseudocysts, with 
a proliferation of parasites and a release 
of antigen into the tissues, may produce 
exacerbations of retinochoroiditis. 

Toxoplasmosis usually occurs asympto- 
matically, or at least in an unrecognizable 
form, Siim* has described four types of 
acute disease which may be considered as the 
first stage: 

(1) A typhus-like illness, with fever, chills, a 
red macular exanthum, cough, and, at times, 
meningoencephalitis 

(2) A cerebrospinal form, with fever, delirium, 
convulsions, and lymphadenopathy 


(3) A febrile lymphadenitis with glandular 
fever 


(4) A nonfebrile subclinical lymphadenopathy 
with tender and enlarged lymph nodes but without 
other symptoms. 


The four types have been described in 
laboratory workers. 

The second stage may be considered as a 
subclinical period in which the organism be- 
comes encysted and is harbored asympto- 
matically. The third stage is a clinical stage, 
in which, as ophthalmologists, we recognize 
manifestations of retinochoroiditic inflam- 
matory activity. 

Congenital toxoplasmosis, which is well 
known and has been extensively studied and 
recognized, consists of an encephalomyelitis 
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with an associated retinochoroiditis in in- 
fancy. The cerebral manifestations may 
vary in intensity from microcephaly to hy- 
drocephalus, and in these cases cerebral 
calcification often is demonstrable by 
roentgenograms. The ocular pathology, a 
granulomatous retinochoroiditis, unilateral or 
bilateral, can be minimal, or it may be 
extensive, associated with nystagmus and 
central or peripheral blindness. 

Presumably, congenital toxoplasmosis only 
occurs in infants whose mothers acquire the 
infection during gestation, and so, for- 
tunately, subsequent children show no evi- 
dence of the disease. Rats, however, with 
chronic infection have transmitted toxo- 
plasmosis to their offspring. Sows with low 
dye test titers and asymptomatic infections 
have given birth to infected pigs. Feldman ® 
says that the congenital disease results when 
a nonimmune pregnant woman happens to 
acquire an inapparent infection. The re- 
sultant parasitemia permits Toxoplasma or- 
ganisms to set up a nidus in the placenta 
from which infection in the fetus follows. 
In 204 mothers studied by him, none had 
subsequent infected offspring. Most in- 
fants with toxoplasmosis have some residual 
damage, but they usually survive. 

The third, or chronic, stage, the one that 
most concerns us as ophthalmologists, is 
not easily recognized. The organisms are 
encysted, and the cyst walls may be so tough 
as to prevent the escape of antigenic and 
chemotactic substance, so that (according to 
Frenkel ®) the cysts do not cause any inflam- 
matory reaction, It is not possible to deter- 
mine by serologic or skin tests whether the 
person still harbors the infection. Except 
for serum antibodies against Toxoplasma 
and bouts of retinochoroiditis or granulom- 
atous uveitis, we know little of this chronic 
stage. 

Toxoplasmosis is important to ophthal- 
mology because it seems to be one of the 
main causes of granulomatous uveitis. It 
can be estimated that Toxoplasma may be 
the agent that evokes 65% to 70% of cases 
of granulomatous uveitis with retinochoroid- 
itis. Positive toxoplasmin skin tests and 
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positive methylene blue dye tests are found 
in 10% to 15% of the young adult and 
35% to 40% of the older age group of the 
general population. This widespread pres- 
ence of antibodies to Toxoplasma in human 
serum means that unrecognized toxoplas- 
mosis must frequently occur. Patients show- 
ing a positive skin or dye test may have 
granulomatous uveitis, and, in these patients, 
the uveitis may or may not be caused by 
Toxoplasma. 

Antibodies to Toxoplasma as evidenced by 
a positive skin test or dye test have been 
reported at times in patients with Sar- 
cocystis, Trichomonas, and Trypanosoma 
infections, but Cathie* disproved this, at 
least as regards Trichomonas infections, by 
comparing the dye test in women in the 
same age group with and without such in- 
fection. He concluded that a positive dye 
test in women with Trichomonas infection 
did not preclude the presence of both in- 
fections The only absolute proof of the 
presence of active toxoplasmosis is the 
isolation of the organisms. This isolation 
is usually not practical, and so we are com- 
pelled to make a presumptive diagnosis of 
toxoplasmosis. 

When we suspect that toxoplasmosis is 
the cause of a patient’s uveitis, it must be a 
granulomatous uveitis involving the posterior 
segment of the eye. The lesion is primarily 
in the retina, with the choroiditis, the 
vitreous opacities, the anterior uveitis, and 
the other ocular pathology secondary to the 
retinitis. The occasional retinal periphlebitis, 
optic neuritis, and retinal exudate with 
serous detachments are also secondary to, 
but occur at times with, the retinitis. Iso- 
lated iridocyclitis rarely occurs. Active 
retinochoroiditis lesions may be single or 
multiple in one or both eyes, but they are 
most characteristically seen directly adjacent 
to healed areas of previous inflammation. 

Before it is assumed that the cause of 
granulomatous uveitis is toxoplasmosis, other 
possible causes of uveitis must be ruled out, 
by a thorough clinical and serological survey 
for evidence of other systemic diseases, such 
as diabetes, sarcoidosis, nephritis, leukemia, 
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tuberculosis, and respiratory, gastrointes- 
tinal, or urologic disorders. Serologic tests 
for brucellosis, tularemia, and _ syphilis; 
serum albumin-globulin ratio; antistreptoly- 
sin titers, and blood chemistry studies are 
often necessary for a complete survey. 
Roentgenograms of the chest, sinuses, skull, 
and, at times, of the gastrointestinal tract 
and the hands and feet may be needed. 
X-ray evidence may point to pulmonary 
lesions, cerebral calcification, sinus or gas- 
trointestinal disease, or sarcoidosis. Intra- 
dermal old tuberculin, histoplasmin, and 
toxoplasmin skin tests are a part of the 
survey to find the cause of granulomatous 
uveitis. Blood serum tested by the 
methylene blue dye test for toxoplasmosis 
should also be included in this survey. 

Before discussing the significance of the 
toxoplasmosis dye and skin test, I should 
like to list the requirements for making 
the diagnosis of toxoplasmic uveitis. In 
addition to the ruling out of other causes, 
the uveitis must be of a definite clinical 
pattern, as has been described, and the 
person must have antibodies against Toxo- 
plasma. In addition, two other suggestive 
criteria for the presumptive diagnosis are, 
first, the failure of the uveitis to respond 
to antituberculous therapy and, second, the 
favorable response to specific antitoxoplas- 
mic therapy. Perkins and Smith * gave one 
group of uveitis patients placebo tablets and 
a second group pyrimethamine tablets for a 
period of a month. A definite improvement 
was noted in the uveitis of those patients 
who had been treated with pyrimethamine 
as compared with those treated with place- 
bos, provided that they had positive dye 
tests. In order to be effective, pyrimetha- 
mine should be given in large doses. When 
it is given in only a 25 mg. daily dose with- 
out the addition of synergistic sulfonamide, 
it is difficult to evaluate the significance of a 
lack of response. 

To interpret the toxoplasmin skin and dye 
tests it is important to remember that pos- 
terior granulomatous uveitis occurs during 
the third, or chronic, stage of toxoplas- 
mosis, long after the acute disease has sub- 
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sided and after many of the antibodies have 
disappeared. The toxoplasmin skin test is 
performed by the intradermal injection of 
0.1 cc. of toxoplasmin antigen in one fore- 
arm, with a similar control injection in the 
other arm. Eli Lilly and Company make the 
antigen from peritoneal exudate of Toxo- 
plasma-infected mice. The toxoplasmin con- 
trol is made from uninfected mouse spleen. 
The test is read within 48 hours, exactly 
like the intradermal test for tuberculosis. 
Frenkel® originally believed that the test 
should be considered positive if 10-30 mm. 
of induration and 10-50 mm. of erythema 
were present after 48 hours. In a recent 
personal communication, he now does not 
believe that such an extensive reaction is 
necessary, but that any appreciable dif- 
ference between the reaction to the antigen 
as compared with the control is significant. 
The reaction may be marked within 24 or 
may be delayed for 72 hours. If the test is 
equivocal, it should be repeated. A positive 
toxoplasmin skin test does not mean that the 
patient has active toxoplasmosis, but indi- 
cates that he has antibodies against Toxo- 
plasma as a result of previous toxoplasmic 
infection. 

A negative reaction does not always rule 
out toxoplasmosis as a cause of the uveitis. 
At times the skin test is negative when the 
dye test titer is extremely high, This in- 
congruity may be explained by an intense 
concentration of antibodies in the serum, so 
that the small amount of intradermal anti- 
gen incites no local reaction. The toxoplas- 
min skin test has a close correlation with the 
dye test, and several clinicians prefer this 
test if only one is available. Feldman and 
Sabin,” who have had a great deal of 
experience with the intradermal test, believe 
that it is not useful for diagnosis because 
it bears no relationship to the titer of anti- 
body and a negative skin test is encountered 
too often in the presence of antibody. Most 
authorities, however, feel that it is a good 
screening device even though absolute con- 
clusions cannot be drawn from it in the 
individual case. 
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The methylene blue dye test for toxo- 
plasmosis, developed by Sabin and Feldman 
in about 1948, depends upon the ability of a 
Toxoplasma-immune serum to inhibit the 
staining with methylene blue of the cyto- 
plasm of the living Toxoplasma organisms. 
It is a quantitative test of the antibody 
concentration against Toxoplasma. It be- 
comes positive early in the infection, and 
the titer rises during the active phases of 
the disease and fades over the years. It is a 
difficult, time-consuming test and is per- 
formed in only a few laboratories. During 
the chronic stage of toxoplasmosis, when 
retinochoroiditis is seen, the dye test titer 
may be and often is low. The titer of the 
patient’s serum may be 1:8, 1:16, or 
1:32,000, and any of these is significant. To 
set a certain minimum titer requirement for 
uveitis such as Sabin ' suggested, of 1:256, 
or as Woods ™ suggested, of 1:64 or 1:32, 
does not seem justified, because several 
years after an acute process the antibody 
concentration may fall. Therefore, even the 
lowest titers are indicative of past infections. 
Hogan ™ suggested that a rise of the dye 
test titer seen during uveitis is more con- 
vineing than a single low titer report. Re- 
peated tests are not necessary clinically, al- 
though they are interesting for experimental 
purposes, 

The correlation between the skin test and 
the dye test is fairly close. At the con- 
ference '® jn December, 1954, of the Para- 
Medicine — study 
section of the National Institutes of Health, 


sitology and Tropical 
Frenkel, Woods, Eichenwald, Ryan, Feld- 
man, King, Owen, Passmore, Zimmerman, 
Jacobs, and others concluded that the skin 
test should be done as the initial test and 
then followed by the dye test when possible. 
Frenkel the 
opinion that the toxoplasmin skin test anti- 


In earlier writings was of 
gen would raise the dye test titer or incite 
an increased antibody response, but this is 
no longer believed and he feels now that a 
single toxoplasmin antigen injection would 
not change the titer sufficiently to confuse 
the test. 
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If one has made a presumptive diagnosis 
of acute toxoplasmic granulomatous uveitis 
with the correct clinical pattern, has ruled 
out other etiology, and has obtained a posi- 
tive skin and dye test, one may wish to 
try drugs specifically effective against Toxo- 
plasma organism, as well as symptomatic 
therapy. Eyles’ and his co-workers 
demonstrated a synergistic effect of sulfa- 
diazine and pyrimethamine in the treatment 
of experimental toxoplasmosis in the mouse. 
Since then, Ryan,"* Woods, Naquin,!? Cas- 
sady,'7 Burnham,!* Perkins and Smith,! 
and others have treated many patients with 
uveitis with antitoxoplasmic drugs. Severe 
acute systemic infections have also been 
successfully treated with pyrimethamine and 
sulfonamides. 

Some ophthalmologists have reported no 
observable improvement in toxoplasmic 
uveitis after pyrimethamine and sulfona- 
mides had been administered. In two of these 
reports such small doses of pyrimethamine 
were used that it would have been unusual 
if improvement had occurred. To be effec- 
tive, adequate therapeutic dosage should be 
administered, such as 25 mg. of pyrimetha- 
mine and 1 gm. of combined sulfacetamide, 
sulfadiazine, and sulfamerazine per 60 Ib. 
of body weight in 24 hours. These drugs, 
especially the pyrimethamine, are folic acid 
depressants and cannot be used unless fre- 
quent blood studies are done during treat- 
ment, 

The pathogenesis of the inflammatory 
changes in the eye is dependent upon the 
release of antigen or proliferative organisms 
by the breakdown of Toxoplasma cysts. 
Corticosteroids should be administered 
along with the pyrimethamine and sulfona- 
mides to allay the hyperergic reaction and 
to prevent the reencystment of the organ- 
isms. Pyrimethamine and sulfonamide are 
effective against the proliferative forms and 
ineffective against the encysted organism. 
This treatment gives no protection against 
recurrence of the uveitis. If 25 mg. of 
pyrimethamine and 1.0 gm. of sulfonamide 
per 60 lb. of body weight is tolerated, it is 
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administered along with a moderate dose of 
corticosteroid, such as 20 mg. of prednis- 
olone. This therapy is continued for 10 
days to 2 weeks in divided doses, The dosage 
is then reduced one-half and continued, if it 
can be tolerated, for at least a month, de- 
pending upon tolerance. 

The dramatic response to this therapy is 
as marked as that of tuberculous uveitis to 
isoniazid. The vitreous clears, the uveitis 
subsides, and the retinitis, obscured by the 
vitreous haze, becomes visible. The im- 
provement is most marked within the first 
week of treatment. The vitreous opacities 
persist and do not entirely clear for several 
weeks. The retinal lesion heals, pigment ap- 
pears, and the vision improves, 

The pyrimethamine and sulfonamide may 
not be tolerated, causing nausea, anorexia, 
general weakness, or toxic depression of 
hematopoiesis. The potential danger of this 
treatment cannot be overemphasized. When 
Burroughs-Welcome introduced pyrimetha- 
mine (Daraprim) as an antimalarial drug, 
a severe toxic bone marrow depression was 
said to result from a 25 mg. daily dose. To 
give 50 to 75 mg. along with sulfonamides, 
which are also toxic to the blood-forming 
organs, hazards a depression of platelet 
and white blood cells. Platelet and WBC 
counts are recommended every few days 
during the early administration of these 
drugs. If depression occurs, the drugs 
should be stopped. The red cells, having a 
longer life, are the last to show alteration 
and may appear normal after the platelets 
disappear. Purpura and agranulocytosis are 
due to the folic-acid-depressant effects of 
the drugs. If toxic effects are recognized 
early, discontinuance of the drugs allows the 
bone marrow to start functioning, but, if 


late, administration of folic acid or cortico- 


tropin (ACTH) administered intravenously 
may be required to restore activity to the 
blood-forming organs. 

New tests for the disease are being de- 
veloped that may be valuable in helping us 
to determine whether uveitis is caused by 
Toxoplasma, O’Connor *° recently described 
an agar-diffusion technique. He was able to 
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find antitoxoplasmin precipitins in the 
aqueous humor in four patients with toxo- 
plasmic uveitis. A toxoplasmic granuloma- 
tous uveitis cannot be diagnosed definitely 
from positive skin and dye tests. They 
permit only a presumptive diagnosis at the 
present time. 

The method of transmission of this disease 
is still a mystery, according to Jacobs.* 
Although toxoplasmosis is widespread, direct 
animal contact between litter mates does not 
spread the infection, Intestinal lesions sug- 
gest that the gastrointestinal tract may be 
the portal of entry. No transmission by 
ticks or by infected mosquitoes could be 
produced. According to Jacobs * and Feld- 
man,”! the disease is prevalent in warm moist 
areas, more in southern than in northern 
Sweden, more in coastal areas of Mexico 
than in the high altitude around Mexico City. 
There is little or none in Iceland and Alaska, 
a considerable number of cases in Tahiti and 
its coastal regions. The eastern United States 
has a higher incidence than the western half 
of the country. These conclusions are based 
upon the sample serum dye test titers ob- 
tained from various areas. Toxoplasma or- 
ganisms have been transmitted and studied 
in many experimental animals and can be 
transmitted by injecting a few organisms 
into almost any tissue. There is no tissue 
specificity. We are unable to determine by 
the antibody titer whether the infection is 
entirely healed. The dye test titer may 
fluctuate without apparent cause. The or- 
ganism can be grown in tissue cultures, in 
chick embryos, or in white mice peritoneal 
cavities and can be preserved indefinitely at 
icebox temperatures, 

More effective treatment than pyrimeth- 
amine and sulfonamides will be found. 
Hogan has been experimenting with other 
drugs, as have Eyles and others. One drug 
that showed promise was an antitoxoplasmic 
antibiotic substance, No. 534, a soil actino- 
mycete found by Okami ** and associates, 
but this has been abandoned. Much work re- 
mains to be done to classify the organism 
and to recognize its disease pattern, its mode 
of transmission, its pathogenesis, and its 
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true significance. We must find an effective 
treatment, especially one that will influence 
the organisms that remain encysted in the 
tissues. But with such tireless workers as 
Jacobs, Frenkel, Sabin, Feldman, Hogan, 
Eyles, Eichenwald, Siim, and Smith, who 
are still active in the investigation of 
toxoplasmosis, and others who have con- 
tributed so much or more, within another 
few years these investigators will make to- 
day’s knowledge of toxoplasmosis seem 
meager or infinitesimal. 
921 Lincoln Way East (18). 
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Annual Reviews 
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This review covers the relevant literature 
published during the period April, 1956, to 
April, 1957* During this time there have 
been no really outstanding developments in 
ophthalmic pharmacology, and the preoccu- 
pation with acetazolamide (Diamox) shown 
in the previous year has definitely abated. 
However, there seems to have been an in- 
creased interest in testing the effects of 
other drugs on the intraocular pressure, in- 
cluding ganglion-blocking agents, tran- 
quilizers, natural alkaloids, miotics, and 
vasoconstrictors. A well-sustained interest 
has been evident in the responses of retinal 
and choroidal vessels to drugs and in the 
therapeutic applicability of steroid hormones 
and of antibacterial substances. 

One of the most notable observations 
concerning the effects of drugs on the eye 
during the period under review comes under 
the heading of toxicology; this has been the 
discovery of retinal degenerative changes in 
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numerous patients receiving a new tran- 
quilizing drug. Of similar interest has been 
the development of retinal pigmentary 
changes in animals given a new group of 
chemotherapeutic agents. A former wide- 
spread interest in study of the relationship 
of oxygen to development of retrolental fi- 
broplasia appears to have subsided with 
general agreement on the great danger of 
oxygen administration to premature infants. 

In the present review, as in last year’s 
review of ophthalmic pharmacology and 
toxicology, it is not my intent to provide 
an exhaustive or all-inclusive compendium 
but to summarize and correlate the develop- 
ments of the past year in a simple and 
convenient form. 


Ophthalmic Pharmacology 


Influence of Drugs on the Intraocular 
Pressure.—I\n treatment of glaucoma, acet- 
azolamide has maintained its important 
position for the third year since its intro- 
duction into ophthalmology. The clinical 
indications and manner of use in acute an- 
gle-closure, as well as in chronic open- 
angle, glaucoma and in glaucoma secondary 
to uveitis have become familiar to most 
ophthalmologists. Serious misuse has been 
evident only in cases of angle-closure glau- 
coma in which there has been a failure to 
perform iridectomy; in these cases periph- 
eral anterior synechias can become well- 
developed during a period of false sense of 
security while acetazolamide has depressed 
intraocular pressure by partial inhibition of 
aqueous formation and yet portions of the 
angle of the anterior chamber may have 
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failed to reopen. It has become apparent 
that reduction of intraocular pressure by 
acetazolamide in acute angle-closure glau- 
coma provides favorable conditions for per- 
formance of iridectomy but that the drug is 
no safe substitute for the operation. 
Experimentally, there has been little ad- 
vance in elucidating the mechanism by which 
acetazolamide lowers the rate of formation 
of aqueous humor beyond what was under- 
stood a year ago. In an informal conference 
in February, 1957, several of the more active 
investigators of this problem (Ballintine, 
Becker, Green, Kinsey, and Langham) 
found themselves in agreement on the fol- 
lowing actions of acetazolamide: 1. It lowers 
intraocular pressure in both normal and 
acidotic rabbits. 2. It decreases the forma- 
tion of aqueous humor, 3. Its effect on intra- 
ocular pressure is independent of renal 
action, 4. It decreases the excess of bicarbon- 
ate and lowers the pH in the aqueous humor 
of rabbits. 5. Its action is associated with an 
increase in ascorbate concentration in the 
aqueous humor, particularly in the posterior 
chamber, 6, The same changes accompany 
acidosis induced by administering ammonium 
chloride to rabbits. Among these investiga- 
tors there persist some differences in esti- 
mate of duration of effect of a single dose 
of acetazolamide, Langham having evidence 
of only a transitory depression of inflow, 
based on measurement of fluorescein-appear- 
ance-time in rabbits given urethan,”® and 
Becker having evidence of longer-sustained 
depression of inflow, with partially compen- 
satory increase in resistance to outflow, 
based on tonography and fluorescein ap- 
pearance-time obtained by a different tech- 
nique in unanesthetized rabbits. Reports 
from other investigators have not been 
entirely in agreement with the conclusions 
reached by the group mentioned above. 
Kleinert, for instance, has contended that 
acetazolamide does not decrease the flow of 
aqueous humor because he was unable to 
detect any change in the appearance of the 
episcleral vessels in patients when the intra- 
ocular pressure was lowered by this drug,”° 
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and Hodgson, in preliminary studies, did not 
find a change in ascorbate concentration in 
the aqueous humor.*? Another investigator 
did not find what he considered to be a 
significant increase in fluorescein-appear- 
ance-time in rabbits given acetazolamide." 
There has, however, been no serious basis 
as yet for questioning the conclusions listed 
earlier in this paragraph, Unfortunately, the 
more fundamental aspects of the question of 
how acetazolamide suppresses aqueous for- 
mation have yet to be worked out, e. g., 
how the net water movement from blood 
to aqueous humor is reduced. 


While I am discussing acetazolamide 
primarily in connection with its influence on 
intraocular pressure, there are some other 
effects of the drug to be noted. For instance, 
it has been determined in rabbits which 
have been given an injection of horse serum 
intravitreally and fluorescein intravenously 
that acetazolamide decreases the protein 
flare and the fluorescein concentration in the 
aqueous humor ; furthermore, this effect has 
been found to parallel the lowering of pres- 
sure caused by the drug.“® The influence of 
acetazolamide on the amount and rate of 
diuresis and on the sodium and potassium of 
blood and urine has been observed to parallel 
the influence of this drug on the intraocular 
pressure.27 Again, the concentration of 
potassium in both blood and aqueous humor 
has been found to decrease after administra- 
tion of acetazolamide to rabbits, but the 
significance of this change with respect to 
the intraocular pressure has still not been 
ascertained 

The systemic and ocular toxicities of 
acetazolamide are gradually being evaluated 
clinically, and this is, of course, significant 
in relation to long-term administration to 
glaucomatous patients. It is reassuring to 
find that in addition to the single case of 
agranulocytosis previously reported in the 
literature only one more case has been 
added."** This is apparently a rare idio- 
syncratic reaction to the drug. 

No new serious complications of acetazol- 
amide treatment have come to light in the 
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past year, and it is generally appreciated 
that, apart from the unpleasant side-effects 
of reversible paresthesias and anorexia, the 
complication to be most seriously considered 
in deciding on a protracted course of treat- 
ment with this drug is the possibility of 
precipitating urinary calculi. No untoward 
effect has been found on vision as measured 
by refraction * and testing of dark adapta- 
tion,®* except for two rare cases of transient 
acute myopia,®** in one of which there was 
noted an associated shallowing of the an- 
terior chamber and rise of pressure to 40 
mm.* 

Experimental testing of drugs other than 
acetazolamide for influence on intraocular 
pressure in animals and evaluation of new 
drugs in glaucomatous patients seems to be 
receiving increasing attention from investi- 
gators in recent years, possibly because the 
prospects for achieving worth-while results 
have been made more attractive by the 
example of acetazolamide. In most in- 
stances, underlying the selection of drugs 
for testing there has been some concept of 
how the formation and outflow of aqueous 
humor might be controlled, Inevitably, these 
working concepts must be largely speculative 
at the present stage of understanding of the 
physiology of ocular hydrodynamics. For 
instance, with the thought that some control 
might be exerted by the nerve supply to the 
eye and by the central nervous system, tests 
have been made of the influences of gan- 
glion-blocking agents and_ tranquilizing 
drugs. (It may be recalled, however, in 
connection with the testing of ganglion- 
blocking agents on intraocular pressure that 
denervation and central stimulation experi- 
ments have succeeded in demonstrating only 
transient influences of innervation on this 
pressure. ) 

The ganglion-blocking agent hexame- 
thonium chloride (Depressin), administered 
intravenously or intramuscularly to patients, 
was found, as reported previously, to cause a 
transient decrease of intraocular pressure; 
this averaged 5.2 mm. for normal and 13.2 
mm. for glaucomatous eyes.'®!!* The blood 
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pressure also fell, but probably not enough 
to cause the change observed in intraocular 
pressure. Tonography revealed no change in 
facility of outflow, and it appears probable, 
therefore, that the formation of aqueous 
humor was temporarily depressed. Interest- 
ingly, the injection of hexamethonium retro- 
bulbarly in quantity sufficient to block the 
ciliary ganglion and induce mydriasis caused 
no change in intraocular pressure, and this 
suggests that the ganglia of the sympathetic 
supply to the eye may have been a more 
significant site of attack than the parasym- 
pathetic ganglia when the pressure was 
lowered following systemic administra- 
tion?! 

Phentolamine (Regitine), which is a drug 
employed clinically to block hypertensive ac- 
tions of circulating epinephrine and arter- 
enol, caused a decrease of intraocular 
pressure and rate of aqueous formation 
(determined tonographically) for at least 
two hours in rabbits which had been given 
the drug parenterally.*! 

On the other hand, oral administration 
of the ganglion-blocking agents chlorisond- 
amine (Ecolid) and mecamylamine (Inver- 
sine) to patients failed to lower the 
intraocular pressure, even though they were 
given in doses sufficient to induce mydriasis 
and cycloplegia.’’ Similarly, little influence 
on intraocular pressure was observed when 
pentolinium bitartrate (Ansolysen) was 
given orally, and only a slight transient 
lowering was found after injection.17-% 1% 
Surprisingly, patients who had received a 
dose of 10 to 20 mg. of pentolinium on two 
successive days were found by tonography 
to have a considerable decrease in facility 
of aqueous outflow, and, since the intraocu- 
lar pressure was not much altered, it ap- 
peared that the rate of aqueous formation 
must also have been depressed. It was 
possible that the drug affected both facility 
of outflow and rate of formation, or that 
it affected only one of these factors and 
that the other responded through some 
compensatory or homeostatic mechanism 
tending to keep the intraocular pressure 
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constant. It does not seem that the precise 
mechanism could be established from the 
evidence at hand, but the assumption has 
been made that the formation of aqueous 
humor was first affected." 


Chlorpromazine (Thorazine, Megaphen, 
Largactil), which has both peripheral and 
central actions, is, as previously reported, 
effective in lowering the intraocular pres- 
sure for several hours when administered 
systemically, but it has no effect on pressure 
when given locally.51:74:102.193 This drug, like 
hexamethonium, appears to depress forma- 
tion of aqueous humor rather than affect 
the facility of aqueous outflow.*! Similarly, 
there is evidence to suggest that this effect 
may be achieved through sympatholysis, 
but, again, the influence on intraocular pres- 
sure is transitory even during repeated 
administration of either drug. Despite the 
short duration of effect, practical use may be 
made of chlorpromazine as an aid in relief 
of acute glaucoma in patients immediately 
prior to operation (e. g., 50 mg. slowly 
intravenously 20 to 50 minutes preopera- 
tively). 

The tranquilizing drugs reserpine and 
meprobamate (Miltown) have been tested 
for effect on the intraocular pressure of 
rabbits. Reserpine had no appreciable ef- 
fect, although it induced miosis, ptosis, and 
lethargy. Meprobamate caused a transient 
lowering of pressure only when very large 
doses were given (400 mg. per rabbit), and 
mydriasis was induced. 

Another group of drugs which most 
obviously affect brain function have been 
tested for effect on intraocular pressure with 
the supposition that they may exert some 
influence through the central nervous system, 
although the postulated central control of 
intraocular pressure has not yet been con- 
clusively demonstrated. A group of 16 
natural alkaloids from opium, Corydalis, and 
other sources were tested by intravenous 
injection in rabbits, and tonometric deter- 
minations of intraocular pressure were 
made.**:** In most instances the pressure 
either increased or decreased from 5 to 11 
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mm. immediately following the injections, 
with no relation to pupil size. In the case 
of sanguinarine, a rise of 17 mm. was 
observed. The pressures were usually back 
to normal within an hour. No evidence was 
obtained to establish the site or mode of 
action, but in the case of sanguinarine the 
rise in pressure induced by experimental 
feeding to monkeys has been attributed to 
structural alterations in the angle of the 
anterior chamber."*:** 


Drugs which alter the tone of the extra- 
ocular muscles may influence the intraocular 
pressure for short periods, at least until a 
compensatory change in intraocular fluid 
volume has taken place. The influence of the 
extraocular muscles on the pressure is of 
little significance in relation to medical treat- 
ment of glaucoma, but it is of much signif- 
icance in relation to the condition of the 
eye at the time of intraocular surgery, 
either for glaucoma or for cataract extrac- 
tion. Many drugs and numerous procedures 
have been investigated for lowering the 
pressure in the eye preoperatively. Certain 
drugs, succinylcholine (Anectine) and dec- 
amethonium, which might have been ex- 
pected to have a favorable action because 
they relax skeletal muscle, have the opposite 
effect on extraocular muscle, causing tetanic 
contraction and temporary elevation of in- 
traocular pressure. Both drugs have already 
been well investigated, and in the period 
under review electromyographic studies and 
experiments on excised human extraocular 
muscle have been presented substantiating 
previous The peculiar 
tetanic contraction of extraocular muscle 
has been attributed to the contraction of the 
so-called slow fibers, which are thought to 
be pharmacologically similar to fibers of the 
rectus abdominis of frogs. The response of 
extraocular muscles can be abolished by 
general anesthesia or curare. 

The desired preoperative relaxation of 
extraocular muscles and satisfactory lower- 
ing of intraocular pressure in patients have 
been obtained by administration of guaiacol- 
glycerin ether. A 5% solution of this sub- 
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stance (Reorganin) was administered 
intravenously, 20 ml. shortly before opera- 
tion, along with ordinary oral dosage of 
chlorpromazine. This, even without retrobul- 
bar injection of anesthetic, gave good relaxa- 
tion of the patient, paralysis of lid muscles, 
and 3 to 8 mm. decrease of intraocular pres- 
sure in 5 to 20 minutes. This medication has 
been recommended in preparation for catar- 
act extraction. 

Thiopental given intravenously to patients 
was found to reduce the pressure in glau- 
comatous eyes by about 19 mm, (average) 
in 20 mintes.''* By tonography this appeared 
to be due to an increase in facility of out- 
flow. 

Studies on miotic parasympathomimetic 
drugs in the period under review have been 
concerned with a variety of both old and 
new drugs. Tests of several familiar 
direct-acting and several cholinesterase- 
inhibiting miotics have established that all 
these substances induce only slight decrease 
of pressure in normal human eyes, the most 
influential being 0.2% isofluorophate (DFP, 
diisopropyl fluorophosphate, Floropryl), 
which decreased the pressure by 3 to 5 mm. 
mercury.** On the other hand, a correlation 
has been found between the tonographically 
determined resistance to aqueous outflow of 
various normal human eyes and their re- 
sponsiveness to physostigmine (Eserine) ; 
physostigmine had little influence on the out- 
flow of those eyes having the lowest re- 
sistance but did cause a decrease in 
resistance to outflow in those having highest 
resistance,.!* 

A few new parasympathomimetic drugs 
have been developed and tested, and, as 
might be expected from their fundamental 
similarities and common mode of action, 
none has been found or is likely to be 
found to exceed significantly the effective- 
ness of known miotic drugs in reducing 
intraocular pressure. The principal purpose 
in the investigation of new drugs in this 
category is, therefore, to discover substances 
having advantages of lower toxicity, less 
tendency to sensitize, and improved stability, 


Grant 


while maintaining maximum effectiveness 
in lowering intraocular pressure. The 
miotic drugs which are currently employed 
clinically have well-known limitations in 
these regards. Favorable results have been 
obtained with a new compound comprised of 
two neostigmine molecules joined together 
by a long carbon chain, decamethylene-bis- 
(N-methylcarbaminoyl-m-trimethylammoni- 
um phenol).*! This drug, employed as a 1% 
aqueous collyrium, is a long-acting inhibitor 
of cholinesterase, providing miosis for 5 to 
10 days, In the treatment of glaucomatous 
patients it has been found to be similar to 
isofluorophate in both intensity and duration 
of its effect on the intraocular pressure, In 
a series of 53 patients no sensitivity reac- 
tion or significant systemic intoxication was 
observed. Still another effective inhibitor of 
cholinesterase has been tested on rabbit eyes 
for miotic activity and has been found to 
have the same intensity and duration of 
action as neostigmine, even when applied 
at only one-tenth the concentration of the 
latter ; no reports have been made yet on the 
clinical attributes of this compound (4, 4’- 
oxy-bis-phenacylpyridinium ; Lilly 21315). 
A variant of tetraethylpyrophosphate 
(TEPP) in which sulfur is substituted for 
one oxygen (giving tetraethylmonothiopy- 
rophosphate) has been tested clinically in 
treatment of glaucoma in the Soviet 
Union."** This substance apparently has 
properties similar to those which have been 
reported for TEPP and must similarly be 
employed in oily solution; it is not evident 
whether it has as great a tendency to cause 
sensitization, 

Not uncommonly attempts have been made 
to obtain greater effectiveness in control 
of glaucoma by employing combinations of 
miotic drugs despite some recognized com- 
petitive interferences among them. The re- 
sult in some instances is an actual lessening 
of the effectiveness of the stronger drug. 
In the case of mixtures of a diethyl p-nitro- 
phenyl phosphate (Mintacol) and neostig- 
mine (Prostigmin), tests of 
inhibition of cholinesterase in homogenized 
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cattle iris have not revealed a degree of 
interference which would be clinically sig- 
nificant.* 

An interesting study has been made of the 
distribution of physostigmine in the eyes 
of rabbits after a 2% solution is dropped in 
the conjunctival sac."* By assay of the 
cholinesterase-inhibiting activity of the 
various tissues and fluids, it was found that 
physostigmine disappears from the surface 
of the eye and from the aqueous humor in 10 
to 15 minutes but that it is detectible in the 
cornea for 4 hours and in the iris and ciliary 
body for about 8 hours. The lens and 
vitreous did not take up physostigmine ap- 
preciably and did not therefore constitute 
a reservoir for the drug. The duration of 
miosis corresponded approximately to the 
time of persistence of physostigmine in the 
iris itself, 

Various vasoconstrictor drugs have proven 
clinically useful in control of glaucoma either 
in conjunction with miotics in primary 
glaucoma or in combination with mydriatic- 
cycloplegics and allied drugs in treatment 
of glaucoma secondary to uveitis. It has 
been determined that epinephrine and chem- 
ically related drugs lower the intraocular 
pressure by decreasing the rate of formation 
of aqueous humor and that this effect may 
persist for many hours, much longer than 
the associated brief vasoconstrictor action. 
The mechanism of this inhibitory action is 
unknown, but it is generally postulated to 
involve a disturbance of the metabolism of 
the ciliary body. In this regard a recent 
extensive review of the metabolic effects of 
epinephrine and related amines indicates that 
at a very fundamental level much is being 
learned which may eventually provide a 
basis for understanding the action of these 
substances in control of glaucoma.*® Ac- 
utally, no reference is made to the eye 
problem in the above-mentioned review, and 
this suggests that ophthalmic investigators 
have yet to investigate the action of epineph- 
rine from a really fundamental standpoint. 

Clinically, among substances related to 
epinephrine and similarly useful in treatment 
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of glaucoma, recent observations have been 
reported on Effortil (1-[3-oxyphenyl]-1- 
on epinephrine, 
11 and on isoproterenol (Isuprel).7° The 
first two substances have less vasoconstric- 
tor, mydriatic, and pressure-lowering effect 
than epinephrine when dropped on the eye 
in equal concentrations; the third causes 
vasodilatation and no mydriasis but has some 
pressure-lowering action. Trial of isopro- 
terenol in glaucomatous patients indicated 
that 0.5% solution was useful in conjunction 
with pilocarpine but that 1% solution caused 
excessive irritation of the eye and lids.” 
No advantage over epinephrine was demon- 
strated. 

The principal hazard associated with the 
use of sympathomimetic drugs is the possi- 
bility of causing an abnormally narrow an- 
gle to close as a result of mydriasis. Systemic 
toxic effects rarely constitute a hazard from 
these drugs when they are applied to the 
surface of the eye, but one instance of a 
great rise in blood pressure and associated 
subarachnoid hemorrhage is reported to have 
been caused by 10% phenylephrine hydro- 
chloride (Neo-Synephrine) in a cotton pack 
placed in the conjunctival sac.®* That this 
is a rare complication was confirmed by 
instillation of the same solution into the 
conjunctival sac of a series of both normal 
and hypertensive persons without more than 
a 10 mm. change in blood pressure resulting. 

A superficial similarity to the ocular- 
pressure-lowering action of epinphrine-like 
drugs is observed with the antidiuretic hor- 
mone vasopressin (8-hypophamine ) which is 
a strong vasoconstrictor and has been found 
to lower intraocular pressure by depressing 
aqueous formation.’* This substance acts 
locally upon application as drops and sup- 
presses aqueous formation for something 
less than both normal and 
glaucomatous human eyes. Unfortunately, 
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clinical application is limited because the eye 
rapidly becomes unresponsive to the drug 
upon repeated application. How this drug 
interferes with aqueous formation is. still 
unsettled, 
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Among the many drugs which influence 
the intraocular pressure are some which 
cause a transient increase in pressure. One 
substance which causes a rise in pressure 
in rabbit eyes when injected subconjunctiv- 
ally is calcium phosphorylcholine chloride ; 
this substance has also been recommended 
for Clinical topical application in cases of 
hypotony, with claims of beneficial results.” 
The induction of miosis, vasodilation, and 
transient pressure rise in rabbit eyes by this 
substance is consistent with the known ef- 
fects of calcium chloride, and calcium chlo- 
ride constitutes a considerable proportion of 
calcium phosphorylcholine chloride. On the 
other hand, the phosphorylcholine portion of 
the compound is known to have only a low 
order of pharmacologic activity, which seems 
inconsistent with the effects on the eye 
imputed to it. A more critical investigation 
is needed, both experimental and clinical. 

Corticotropin (ACTH) has been found to 
cause a slight sustained rise in intraocular 
pressure in rabbits when injected intramus- 
cularly daily, and in one patient under treat- 
ment for sarcoidosis a similar effect has 
been attributed to this hormone.*® Reports 
relating a rise in intraocular pressure to 
treatment with adrenal corticosteroids have 
appeared previously, but in most studies of 
these hormones no effect on pressure has 
been found. 

M ydriatic-Cycloplegic Drugs.—I\n_ treat- 
ment of uveitis and in refraction the drugs 
in this category are in constant demand, and 
any improvement in desired clinical at- 
tributes is of practical significance. Notable 
advantages have been found in a new para- 
sympatholytic drug, oxyphenonium bromide 
(Antrenyl), which has been evaluated in 75 
patients requiring mydriasis because of 
ocular inflammation due to a variety of 
causes.*7 Most significant was the fact that 
all of these patients had previously become 
allergic to atropine and some were sensitive 
to scopolamine (hyoscine), lachesine, 
hyoscamine (duboisine), and homatropine ; 
yet no cross sensitization to the new drug 
was found, and only one patient acquired 
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a sensitivity to it. All except two of the 
patients tolerated the drug well during treat- 
ment periods of 1 to 51 weeks. In all in- 
stances, at least as wide mydriasis was 
obtained as from atropine when the new 
substance was applied four times a day as a 
5% solution incorporating 1:5000 benzal- 
konium chloride. Standing in contrast with 
the foregoing informative and useful study 
is another recently published test of mydriat- 
ic-cycloplegic compounds on human eyes in 
which no comparison was made with other 
drugs and no identification was given of the 
substances tested except by a manufacturer's 
code number.** 

Underlying the development of new para- 
sympatholytic drugs are fundamental studies 
of the relationship of chemical structure to 
efficacy in blocking the sites of action of 
acetylcholine in tissues.** In such studies 
measurement of mydriatic activity in mice 
has commonly provided the means for quan- 
titative evaluation of atropine-like parasym- 
patholytic action and also has served for 
convenient assay of parasympathetic gan- 
glion-blocking activity of hexamethonium 
analogs.'® 

A comparison in human eyes of the cyclo- 
plegia induced by homatropine and the loss 
of accommodation occurring naturally in 
presbyopia revealed a difference in mechan- 
ism, In drug-induced cycloplegia the ratio 
of accommodative convergence to accommo- 
dative stimulus increases, but it does not 
increase in presbyopia.*” 

An interesting miotic-mydriatic antagon- 
ism between morphine and its antagonist 
nalorphine ( Nalline) is reported to be under 
consideration by law-enforcement agencies 
as a test for addiction to morphine and 
related narcotics.'*7 Morphine taken sys- 
temically causes miosis through action on the 
central nervous system, while nalorphine 
counteracts both the central nervous de- 
pression and the miosis, Nalorphine alone, 
on the other hand, itself causes some miosis. 
A tendency to increase the size of the pupil 
is said to be obtained only when nalorphine 
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is working in antagonism to morphine or 
similar narcotics, 

Corticosteroids and Other Anti-Inflamma- 
tory Agents.—The value of cortisone and 
related substances in treatment of nonbac- 
terial and nonviral inflammatory diseases of 
the eye has become so well established that 
publications on the subject now consist prin- 
cipally of reviews #1467. or of reports on 
trials of new derivatives,’**-*""! The role 
of parenteral cortisone and corticotropin in 
treatment of temporal arteritis with visual 
loss has been examined through an analysis 
of the literature and study of six new cases, 
with the conclusion that under treatment 
with these substances complete blindness 
is less likely to result.’* Clinical experiences 
in treatment of a variety of inflammatory 
conditions of the eye has provided evidence 
for superiority of topically applied hydro- 
cortisone over cortisone in some cases *? and 
for superiority of prednisone and prednis- 
olone over cortisone and hydrocortisone in 
other instances.**"! The incidence of the 
side-effects of edema and moon-face were 
found to be approximately the same in sys- 
temic treatment of ocular disease with these 
different agents. Attention has been called to 
the discomforting effect on the eye of corti- 
costeroid preparations in which the material 
is in particulate form, and the suggestion is 
made that true solutions or finer particles 
might be less discomforting.*® 

Experimental studies have indicated that 
the reduction of inflammatory response oc- 
casioned by cortisone may be disadvan- 
tageous in the case of an invading injurious 
process or agent which could be circum- 
scribed or localized by a natural protective 
reaction.2*7 This may be the basis for an 
increase in the severity of Pseudomonas 
ulcers of the cornea in rabbits which has 
been observed when cortisone is admin- 
istered,'*5 

Experimental studies on rabbits have 
demonstrated striking benefit from treatment 
with cortisone following corneal injury by 
solutions of trimethylamine and colchicine.** 
Other well-designed experiments on rabbits 
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have shown that the actual strength of 
corneal wounds, measured by the force re- 
quired to disrupt them, is not significantly 
altered by systemic administration of cor- 
tisone.** From this latter study it was con- 
cluded that even though fibroblastic 
proliferation in the cornea is inhibited by 
cortisone, as established histologically by 
others, this does not affect the tensile 
strength of the tissue. 

In addition to cortisone and related com- 
pounds, a number of other substances have 
been tested for treatment of uveitis. In 
certain instances these have been substances 
previously found beneficial in arthritis. One 
of these substances, phenylbutazone ( Buta- 
zolidin), has been found in controlled ex- 
periments on rabbits to reduce the reaction 
to small lesions induced in the fundus by 
irradiation with high-intensity focused 
light.** The same drug administered in con- 
junction with aminopyrine to patients having 
a variety of ocular inflammations gave the 
clinical impression that this treatment 
promptly relieved acute inflammation and 
pain, especially in iritis, scleritis, and irido- 
cyclitis.'*7 In this study no systematic com- 
parison was made with corticosteroid 
therapy, and it should be noted that 
phenylbutazone has a fundamental serious 
disadvantage of causing dangerous systemic 
toxic effects in about one out of four 
patients who receive this substance, and it is, 
therefore, generally held not to be a safe 
drug." 

Among other substances tried out for 
anti-inflammatory effect have been chlor- 
promazine and two sympathomimetic 
imidazoline derivatives. | Chlorpromazine 
(Thorazine, Megaphen, Largactil) admini- 
stered systemically to rabbits was found to 
have an inhibitory effect on horse-serum 
anaphylactic keratitis and on keratoiritis in- 
duced by croton oil.7> Naphazoline (Privine, 
Strictylon) has been recommended with 
enthusiasm for treatment of a variety of 
ocular conditions, but the clinical evidence 
which has been presented does not seem 
to give much support to the claims. <A 
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related substance, tetrahydrozoline (Tyzine) 
has been tried out clinically as a sympath- 
omimetic vasoconstrictor to blanch hy- 
peremic conjunctivae.*® In this application it 
has been found satisfactory, causing no ap- 
preciable anesthesia, mo secondary hy- 
peremia, and no pupillary effect at the 
concentrations employed; it is found to 
relieve itching. 

Antihistaminic drugs seem to receive 
diminishing attention in the ophthalmic lit- 
erature; one pharmacologic study has been 
reported in the period under review. In 
this study the isolated sphincter muscle of 
the iris was employed as a test object by 
means of which to evaluate the antagonistic 
action of substances against the smooth- 
muscle-constricting effect of histamine.* 
The sphincter iridis was employed in this 
study only because of a supposed semblance 
to vascular muscle, not because of any evi- 
dence involving the sphincter iridis in clini- 
cal ocular allergy. 

Intramuscular injection of trypsin has 
been recommended for treatment of hemor- 
rhages in and about the eye on the basis 
of clinical impression, but little controlled 
experimental work on this subject has been 
published. Recently, controlled tests of the 
influence of intramuscularly administered 
trypsin on experimental hyphema in guinea 
pigs have shown no benefit from this treat- 
ment.™ 

Chemotherapeutic and Antibiotic Sub- 
stances.—Since it has been established that 
uveitis, particularly focal chorioretinitis, is 
caused in some cases by ocular infection 
with the Toxoplasma organism, there has 
been a search for specific means for treating 
this infection in patients. However, evalua- 
tion of potential therapeutic agents has been 
complicated by the fact that no reliable 
method has been developed for establishing 
clinically which cases of uveitis are actually 
caused by toxoplasmosis, because tests for 
systemic toxoplasmosis are positive in a 
considerable proportion of the population 
regardless of the presence of eye disease and 
no truly pathognomonic clinical features 
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have been established. Because of these dif- 
ficulties in clinical diagnosis, the testing of 
one potential therapeutic agent, pyrimetha- 
mine (Daraprim), has been carried out in 
cases of active uveitis without prior selection 
of cases, and comparison has been made 
with the results of administering an inert 
placebo to a like group of unselected 
cases,1°121 Comparison of the rates of 
improvement in these two groups and ex- 
amination of the relationship of therapeutic 
results to dye-test titers for systemic toxo- 
plasmosis yielded the significant conclusion 
that no appreciable benefit was obtainable 
from pyrimethamine in cases having nega- 
tive dye-test but that in about 25% of 
cases having dye-test titer of at least 1:4 
a significantly more rapid improvement is 
obtainable with pyrimethamine than without. 

Tuberculosis as a cause of ocular disease 
in patients presents some of the same dif- 
ficulties for clinical diagnosis as does toxo- 
plasmosis. However, experimentally an 
actual infection of the cornea of animals can 
be induced by direct innoculation with tu- 
bercle bacilli, and this provides a convenient 
preparation in which to test and view 
directly the effects of drugs such as isonia- 
zid,.""" Since actual infections of the eye with 
tubercle bacilli are encountered rarely in 
patients, the results of this type of testing 
apply most directly to systemic tuberculosis 
and only indirectly to the clinical forms of 
ocular disease which are commonly at- 
tributed to a sensitization reaction to tuber- 
cle bacilli rather than to actual infection of 
the eye. 

A new antibiotic, novobiocin, which has a 
wide range of action against both Gram- 
positive and Gram-negative bacteria, has 
been tested on rabbit eyes for toxicity and 
penetration.’”® It penetrates poorly through 
the epithelium or through the normal blood- 
aqueous barrier, but when these barriers are 
broken down it penetrates well in to the 
anterior chamber. It also penetrates well 
into the anterior chamber when injected 
subconjunctivally, but it does not reach the 
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vitreous in useful amount when injected in 
quantities which would be safe clinically. 

Clinical evaluations of several antibac- 
terial drugs, singly or in various combina- 
tions, have been reported. Neosporin, a 
mixture of polymixin B with bacitracin and 
neomycin, was found to be effective in local 
treatment of various infections of the an- 
terior segment due to Gram-positive and 
Gram-negative bacteria and did not aggra- 
vate virus infections.47 Clinical application 
of a still more complex commercial mixture 
containing antihistaminic and vasoconstric- 
tor drugs in addition to antibiotics has been 
described, but without critical comparison.'* 
In a comparison with oxytetracycline (Ter- 
ramycin) in treatment of trachoma equal 
benefit was found for erythromycin applied 
in ointment form.** Administration of anti- 
bacterial drugs plus streptokinase parenter- 
ally prior to enucleation is reported to lessen 
the amount of edema which appears follow- 
ing the operation. 

Influence of Drugs on Retinal and Uveal 
Vessels.-An unusual number of studies on 
this subject have been reported in the past 
year, and several different techniques have 
been employed in these studies, An extensive 
and scholarly review has been presented of 
the literature concerning pharmacologic vas- 
cular effects, especially of the effects of a 
wide variety of drugs on intraocular vessels, 
but with little reference to their influence on 
intraocular pressure.'** The various methods 
employed clinically and experimentally for 
evaluating retinal and choroidal vascular 
volume have been surveyed and cogently 
criticized. 

The influence of numerous drugs on the 
width of the retinal vessels has been deter- 
mined by means of ophthalmoscopic meas- 
uring devices in rabbits and in normal 
human subjects.’**"*? From these observa- 
tions it appeared that few drugs cause a 
visible widening of the vessels in the retina 
of the rabbit but that 1, 4-dihydrazino- 
phthalazine (Nepresol) and closely related 
hydralazine (Apresoline) were the most ef- 
fective, inducing vasodilatation of up to four 
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hours’ duration.’*4 Acetylcholine, amyl ni- 
trite, and hexamethonium had minor and 
relatively brief effect on the retinal vessels 
of the rabbit. In human subjects, on the 
other hand, numerous vasodilator drugs 
were found to cause increases in diameter 
of approximately 15% to 30% in the retinal 
arteries and 6% to 20% in the veins.'* 
The drugs were all administered systemic- 
ally, except one, which was injected retro- 
bulbarly, and all but one caused a fall in 
systemic blood pressure of 20 to 40 mm. 
mercury. Whether the change induced in the 
retinal vessels was by direct action of the 
drugs or was a secondary response to a 
drop in systemic blood pressure was not 
ascertained. The most effective retinal 
vasodilator in human eyes was eupaverine, 
which at the same time caused the greatest 
fall of blood pressure. Only caffeine caused 
dilatation without lowering blood pressure. 
On the other hand, intravenous infusion of 
levarterenol caused an increase of retinal 
systolic and diastolic pressures in human 
eyes, and this was accompanied by a nar- 
rowing of retinal angioscotomas.'*” Interest- 
ing correlations have been observed between 
the retinal vascular effects and the molecular 
sizes of a series of organic nitrites; those 
of small size caused rapid transient dilata- 
tion, while those of large size had a delayed 
but persistent dilating action.'4? A combina- 
tion of both types was recommended for 
prompt and lasting action for clinical use. 
No noteworthy evidence was presented to 
establish what place these retinal vasodila- 
tors might have in ocular therapeutics. 

The influence of drugs on choroidal cir- 
culation has been studied in rabbit eyes by 
observation of the choroid through areas of 
sclera which have been rendered transparent 
by artificial dehydration, but this method 
permitted an adequate view only of the 
largest vessels. A great variety of drugs was 
tested by topical and systemic administra- 
tion. 145 However, except for some con- 
striction of long posterior ciliary arteries 
induced by potent vasoconstrictor drugs in 
high concentrations, all changes observed in 
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the circulation appeared to be secondary to 
alterations of the general blood circulation 
rather than to be direct responses of the 
choroidal vessels. By another method of 
investigation information was obtained on 
the combined blood volumes of retina and 
choroid, This method consisted of intra- 
venous injection into cats of red blood cells 
which had been labeled with radioactive 
phosphorus; by placing a counter tube 
against the sclera and measuring the radio- 
activity of the underlying vascular bed an 
indication was obtained of the volume of 
blood therein.4° This method does not dis- 
tinguish between retinal and choroidal vas- 
cular beds, but presumably the choroidal 
contribution to the measurement predomi- 
nates, because of the greater volume of the 
choroid. The influences of many drugs were 
tested, and by this method the most effective 
uveal vasodilators found were carbon diox- 
ide administered by inhalation and amino- 
phylline and tolazine administered by 
retrobulbar injection. A large increase in 
uveal blood volume could also be induced 
by paracentesis of the anterior chamber. 
Dilatation of the vessels of the iris in 
response to isofluorophate and to homatro- 
pine also have been studied by an India 
ink injection technique in eyes of rats.® 
Influence of Drugs on the Electroretino- 
gram.— The influence of epinephrine on the 
electroretinogram (ERG) of rabbits 
investigated in an attempt to determine 
whether this drug has an influence on the 
pigment epithelium in mammals analogous 
to its effects in frogs.'® Some changes were 
observed in the slow c-wave, and this was 
thought to be evidence of an effect on the 
pigment epithelium, but this was obtained 
only with doses of epinephrine far beyond 
the physiologic range. Another drug, nylidrin 
(Arlidin), was found to increase the b-wave 
of the ERG in patients, and this has been 
presented as evidence that the drug increases 
retinal blood flow; however, the basis for 
this interpretation was not explained.” A 
suggestive indication of functional similari- 
ties between retina and cerebral cortex was 
obtained in experiments in which ERG po- 
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tentials were found to increase after paren- 
teral administration of the hallucinogenic 
drugs lysergic acid diethylamide (LSD-25) 
and mescaline.® 

Pharmacologic Influences on the Cornea, 
Recent advances in local anesthetics for 
surface application to the eye as well as 
for injection about the eye have been re- 
viewed, and it has been pointed out that 
transient stinging or burning sensation such 
as is regularly caused by tetracaine ( Ponto- 
caine) has been minimized in newer agents, 
such as benoxinate (Dorsacaine) ; dyclonine 
(Dyclone); a preparation containing 2- 
dimethylamino-ethyl-3-amino-4-propoxy-ben- 
zoate hydrochloride, chlorbutanol, glycerin, 
and benzalkonium chloride (Ophthaine), 
and ambutoxate For 
testing corneal sensitivity and the effective- 
ness of anesthetic agents an improvement 
over Frey hairs has been achieved by making 
use of a standard nylon thread in a device 
for varying its length and, thereby, its stiff- 
ness.!8 

An investigation of the influence of pilo- 
carpine, cholinesterase inhibitors, atropine, 
and epinephrine on the electrical impedance 
of the epithelium of cattle corneas was car- 
ried out in an attempt to determine whether 
there is any relation between corneal per- 
meability and the acetylcholine which is 
known to be normally present in high con 
centration in the corneal epithelium.’ Ac- 
tually, only slight alterations of impedance 
(employed as a measure of impermeability 
to ions} were induced by the drugs already 
mentioned, These drugs were applied with 
the assumption that they would have some 
influence on the the 
epithelium. However, seems 
rather inconclusive, actual ex- 
aminations of the acetylcholine of the 
epithelium is reported, nor any evidence 
whether it was in fact altered by the drugs 
applied. 

Miscellaneous.—-A widely advertised pro- 
prietary collyrium, Augentonicum Stulln, 
which was said to relieve ocular asthenopic 
symptoms by virtue of its digitalis content, 
was found to contain only a trace of digitalis 
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glycosides and to consist mostly of boric 
acid. Tests on patients revealed that 
responses to placebo solutions of boric acid 
or of salt were as enthusiastic as to the 
proprietary mixture, revealing once again 
the psychotherapeutic effectiveness of some 
collyria. 

Reports on treatment of retinal hemor- 
rhages and vitreous opacities with a mixture 
of potassium iodide and nicotinamide * and 
treatment of senile macular degeneration 
with intravenous heparin indicate that these 
substances are beneficial,"* but the results 
are hard to evaluate without a careful com- 
parison with placebo-treated control groups. 
Similarly, a report of benefit to retinal ar- 
terial occlusions from administration of 
heparin was difficult for me to evaluate.’* 
This particular work seems to be largely 
speculative, assuming retinal aterial occlu- 
sions to be caused by lipid materials asso- 
ciated with atherosclerosis but presenting 
no adequate evidence to establish this, Simi- 
larly, changes in the appearance of the 
fundus and reestablishment of circulation, 
which are credited to the lipid-clearing action 
of heparin, have not been adequately dis- 
tinguished from the normal course of events. 

A clinically useful application of saccharin 
to testing of the patency of lacrimal pas- 
sages has been described.*’ This is based 
on the characteristic taste of saccharin, 
which is detectable by 97% of normal per- 
sons within an hour, usually sooner, after 
an innocuous 10% solution is dropped into 
the conjunctival sac. 


Ophthalmic Toxicology 


Cornea and Conjunctiva.—Most toxic dis- 
turbances of the cornea and conjunctiva 
are caused by direct contact with the in- 
jurious agent, and toxic disturbances of this 
part of the eye by the systemic route are 
relatively rare. Recently, however, a new 
instance of corneal injury by the systemic 
route has been reported, and this is of 
particular interest because it appears to be 
specific for man and chimpanzees, not affect- 
ing monkeys or dogs.®* A drug known as 
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Whipcide (3-methyl-1-pentyn-3-yl acid 
phthalate), which has proven exceptionally 
effective in dogs in treatment of whipworm, 
was administered to a series of human 
patients for the same purpose. All patients 
receiving a dose of 0.1 to 0.2 gm. per kilo- 
gram developed a uniform set of symptoms 
after about 12 hours, experiencing a burn- 
ing sensation of the eyes progressing to 
severe photophobia and pain. The ocular 
lesions responsible were described as a 
“filmy keratitis,” in some cases with small 
dense corneal opacities and in the most 
severe case with almost complete opacity of 
both corneas. Subsequently, all ocular ab- 
normalities disappeared spontaneously in 
one to three weeks. The corneal lesions were, 
unfortunately, not described in sufficient de- 
tail to reveal which layer of the cornea was 
first affected or whether the opacities were 
caused by edema, cellular infiltrates, or other 
material. This would be interesting informa- 
tion, In this connection, it may be recalled 
that damage specifically to the endothelium 
of the cornea via the systemic route is 
known to be caused by ethylene dichloride, 
but only in canine species, not in primates. 
Thus the species specificity of these two 
unusual noxious agents are exact opposites. 
Neevascularization of the cornea has been 
attributed to phenylbutazone (Butazolidin) 
in one case, but changes were observed in 
only one eye and this eye had sometime pre- 
viously had corneal ulcer with folds in 
Descemet’s membrane.!* Deep in the stroma 
of this cornea a network of vessels appeared 
during phenylbutazone treatment for rheu- 
matism, and it gradually disappeared after 
discontinuance of the medication. The evi- 
dence is suggestive, but more instances 
would be needed to establish this as a 
definite toxic manifestation, Treatment of 
arthritis with gold is well known to cause 
deposits of gold in the cornea and conjunc- 
tiva, and an additional case illustrating this 
condition has been presented, with biopsies 
of conjunctiva and skin demonstrating the 
presence of gold particles.1!° This condition 
of ocular chrysiasis rarely gives rise to 
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symptoms or causes other ocular complica- 
tions, although gold treatment has in a few 
instances in the past been considered a cause 
of corneal ulceration and infiltration. 

An experimental study of the reactions 
of the corneal stroma with a series of metal 
cations has shown that the tendency of 
various metals to induce corneal opacity 
when applied in approximately neutral solu- 
tions to rabbit eyes is in most instances cor- 
related with the tendency of the metal to 
bind to the cornea and with the denaturing 
influence of the metal on this tissue. The 
so-called denaturing influence was measured 
by loss of capacity of the stroma to absorb 
water and by loss of solubility of corneal 
mucoprotein in water, Although these latter 
physicochemical changes were rapidly in- 
duced, opacification of the cornea developed 
only after a latent period of as much as 
several hours and only in living animals. 
Furthermore, it was found that, if by ap- 
propriate treatment the noxious metals were 
removed from combination with the corneal 
stroma before the corneal opacity developed, 
the normal hydration properties and muco- 
protein extractibility could largely be re- 
stored and opacification prevented. The 
most effective restorations of physicochemi- 
cal properties were accomplished by means 
of edathamil (EDTA, ethylenediaminetetra- 
acetate) following exposure to salts of 
yttrium, copper, and lead, and by means of 
sodium sulfosalicylate following exposure to 
beryllium sulfate. While these findings are 
potentially applicable clinically, it is evident 
that they are at present mainly of academic 
interest in relation to mechanisms of chemi- 
cal injury. 

In addition to those already mentioned, 
a considerable variety of actual or potential 
causes of chemical injury to the cornea have 
been noted in the past year. Among fisher- 
men exposed in confined quarters to gases 
evolved by decaying oil herrings, 31 cases of 
bilateral keratitis epithelialis were ob- 
Severe discomfort developed 
several hours after exposure, but all re- 
covered spontaneously, except for two cases 
which had deep keratitis and scarring. The 
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gases were found to be composed principally 
of ammonia, hydrogen sulfide, and methyl- 
amines. Attempts to identify the component 
responsible for the keratitis epithelialis by 
testing a variety of nitrogenous compounds 
on eyes of rabbits cast principal suspicion 
on the methylamines. However, hydrogen 
sulfide was not included in these tests, al- 
though it was found present in significant 
amounts in the atmosphere which injured the 
patients and a very extensive literature on 
the subject has thoroughly established. that 
hydrogen sulfide characteristically causes 
keratitis epithelialis with an onset several 
hours after exposure. It seems to me that 
hydrogen sulfide was not given adequate 
consideration in connection with the injuries 
from decomposed fish. 

Among the other causes of corneal in- 
juries reported recently, butyl alcohol vapor 
has again been the cause of vacuolar kera- 
titis ; this time in the employees of a plastics 
factory, where it was utilized as a solvent.®! 
Glycidol, which is an epoxy relative of 
glycerin, and several glycidol ethers have 
been noted to be potentially injurious to the 
eye even in vapor form, but because of 
the warning provided by ocular discomfort 
even at low concentrations it is probable that 
excessive industrial exposures to the vapor 
will not occur.” Evaluations of the toxicity 
of other industrial solvents indicated that 
vapors of butyl cellosolve (2-butoxyethanol) 
cause only mild eye irritation in industrial 
use *® and that no more than slight corneal 
epithelial injury in rabbits is caused by 
splash contamination with benzene, toluene, 
xylene, ethylbenzene, diethylbenzene, isopro- 
pylbenzene, styrene, methylstyrene, or vinyl 
toluene.** Dimethylformamide applied full 
strength caused moderate, but apparently not 
severe, injury.” Airborne dust of lithium 
hydride, a highly reactive chemical, causes 
irritation and inflammation of the eyes, but 
only at concentrations which also cause 
strong respiratory irritation.’*? A series of 
barium salts of organic sulfur compounds 
which are employed as additives to lubri- 
cating oils because of their detergent prop- 
erties have been ascertained by tests on 
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rabbits not to constitute an eye hazard. 
Comparisons have been made of the tendency 
of a series of organic acids, aldehydes, ke- 
tones, and alcohols to induce edema when in 
contact with rabbit conjunctiva, but no ob- 
servations were reported on the cornea, 
which would be of greater interest from the 
ophthalmic viewpoint.7 In the course of 
investigation of colchicine as a possible agent 
for treatment of herpes simplex keratitis it 
was found that 1 drop of a 1% solution 
would cause serious clouding of the corneal 
stroma in human and rabbit eyes, requiring 
some weeks to clear.** 

In treatment of severe chemical injuries 
of the cornea, following the regular initial 
decontamination procedures, nothing new 
has been found to equal local application of 
corticosteroids. The effectiveness of corti- 
sone has again been demonstrated, this time 
in treatment of experimental injuries from 
trimethylamine and colchicine.** sugges- 
tion has been made that in first-aid treatment 
of alkali-burned corneas the irrigating solu- 
tions might advantageously be employed cold, 
since pieces of rabbit cornea are found to 
lissolve more slowly in solutions of sodium 
hydroxide when the solutions are cooled.’*° 
It seems to me that there are additional 
factors to be considered and evaluated ex- 
perimentally before this suggestion is put 
into general practice, but the principle may 
well have merit. 

Anterior Chamber and Iris.-Yollowing 
experimental injury of the cornea in rabbits 
by hydrocholoric acid it has been established 
that the ascorbate and lactate concentrations 
of the aqueous humor in the anterior cham- 
ber become subnormal for about three days ; 
yet the ascorbate in the posterior chamber 
remains at its normal high level relative 
to the blood, Now, by measurement of the 
distribution ratio of p-aminohippuric acid 
(PAHA) between plasma and aqueous at 
steady-state and the disappearance rate of 
PAHA from the anterior chamber, it has 
been determined that the permeability of the 
blood-aqueous barrier of the iris is increased 
following injury of the cornea by hydro- 
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chloric acid.4 This increased permeability 
serves to explain the tendency of the as- 
corbate and lactate concentrations of the 
aqueous humor in the anterior chamber to 
approach the concentrations in the blood 
at a greater than normal rate in the injured 
eyes. The significance of this alteration of 
the dynamics of the aqueous humor relative 
to reparative processes in the cornea remains 
to be determined. 

The anterior chamber of rabbits has been 
utilized as a convenient location in which 
to study the induction of granulomas by 
silica.1* Although the stimulus for this work 
was an interest in the pathogenesis of pul- 
monary silicosis, and the anterior chamber 
of the eye was utilized only because this 
location permits direct view of experimental 
lesions, the results have some ophthalmologic 
interest. In this study, approximately 2y 
of quartz dust, composed mostly of particles 
of 2u to 3p in diameter, were injected into 
the anterior chamber, where they sank to the 
lowest portion of the angle. In other rabbits, 
brick dust and other mineral dusts were 
injected for comparison. The primary re- 
action of the eyes was the same in each 
case, prompt formation of a fibrinous 
exudate and beginning resorption of the 
exudate in a few days. The peculiar 
properties of quartz dust became evident 
later, In the quartz-injected eyes the fibrin 
did not become completely absorbed as it 
did in the other eyes, and in three to five 
weeks a secondary inflammatory reaction ap- 
peared in the quartz-injected eyes, with 
organization of the exudate in the lower 
iridocorneal angle to form a fibrotic nodule. 
Interestingly, quartz particles which were 
inadvertently left within the cornea, along 
the course of the path of the injection 
needle, caused practically no reaction. 

Lens.—In 1939 the vapors of a substance 
which has been widely employed in the same 
manner as naphthalene to protect various 
materials from moths was held to be the 
cause of cataract in two patients. The sub- 
stance held responsible was _ paradichloro- 
benzene. Ever since the initial accusation 
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this substance has been regarded with 
suspicion as a potential cataractogenic agent ; 
yet no further condemnatory evidence has 
appeared. In fact, all subsequent attempts to 
cause cataract by administering paradichloro- 
benzene to animals have been unsuccessful. 
Recently, all the evidence has been thor- 
oughly reviewed, additional animal experi- 
ments have been carried out, and workmen 
exposed to the material industrially for as 
long as 25 years have been examined 
ophthalmologically, but no indication of 
cataractogenic effect could be found except 
for that in the claim of 17 years ago. 
Thus, serious doubt has been cast on the 
validity of the initial accusations, and it has 
been pointed out that the identity or purity 
of the material originally suspected of caus- 
ing the cataracts was not well established. 
A most interesting and practical question 
has been raised concerning whether miotic 
drugs might cause gradual development of 
cataracts.** This question arose as a con- 
sequence of an observation of development 
of striking clouding in the lenses of several 
middle-aged patients in the course of 6 to 18 
months during treatment with various miot- 
ics for glaucoma, It was properly recog- 
nized that this could well be coincidental and 
that many patients use miotics for years 
without development of cataract; neverthe- 
less, it seemed worth while to examine the 
effect of miotics on the lens experimentally. 
It was found that pilocarpine in vitro at 
0.001 M concentration and Mintacol even 
at 10° M caused considerable inhibition of 
oxygen uptake by the lens. Furthermore, in 
rabbits which were treated topically with 
2% pilocarpine for several days the respira- 
tion of the lenses was strongly inhibited, 
although no cataract was produced. It has 
not yet been determined whether in patients 
the miotic drugs reach sufficient concentra- 
tion in the aqueous humor to interfere with 
respiration of the lens, nor has the signif- 
icance of depressed utilization of oxygen 
been 


merits further exploration. 


ascertained, The subject certainly 
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The influence of a number of other drugs 
and poisons on various aspects of lens 
metabolism have been examined in_ vitro, 
but with no particularly noteworthy new 
findings; substances tested were dinitro- 
phenol, edathamil, acetazolamide, phenylbu- 
tazone, cyanide, fluoride, and iodoacetate 
51,68,69 

Induction of cataracts in rabbits by ad- 
ministering alloxan is now well known and 
has already been studied from many stand- 
points; recently, morphologic studies on the 
degenerating cells of the lens have shown 
the Golgi apparatus to disappear and the 
mitochondria to become deformed prior to 
the appearance of slight abnormalities of the 
ciliary body and iris.** Poisoning of rabbits 
by cobalt chloride has been observed to 
cause cataracts, associated with degenerative 
changes in the choroid, retina, and optic 
nerve.® The quantities of cobalt administered 
were sufficient to cause cirrhosis of the liver 
and hyperplasia of the spleen. No ocular ef- 
fects have yet been reported in human 
beings, and the dosage of cobalt employed 
clinically in treatment of anemias is rela- 
tively small. 

Visual disturbances which result from 
the miotic and cyclotonic actions of inhibi- 
tors of cholinesterase such as TEPP are 
very well known to ophthalmologists, who 
utilize substances of this sort in treatment 
of glaucoma. In application of TEPP agri- 
culturally as an insecticide by spraying from 
airplanes, several fatal accidents have oc 
curred when the pilots have become poi- 
soned. A_ recent reinvestigation of the 
visual effects of TEPP has substantiated 
earlier observations on dimness and_blur- 
ring of vision and has added the observation 
that unequal involvement of the two eyes 
may occasionally add to the difficulty in 
judging distances.’** 

Retina and O ptic Nerve.—The conclusion 
has been reached and has apparently been 
generally accepted that retrolental fibroplasia 
of premature infants has been caused by the 
administration of oxygen. A recent exten- 
sive survey of the subject points out that 
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any concentration of oxygen in excess of 
that normally present in the air presents a 
risk of inducing retrolental fibroplasia in 
premature infants, and the risk of inducing 
retrolental fibroplasia in premature infants 
increases with the concentration and length 
of time of exposure. Contrary to impres- 
sions occasionally entertained previously, it 
appears that the rate of withdrawal from 
the oxygen-enriched atmosphere does not 
have an important influence in the patho- 
genesis of the disease.’ Speculations on the 
possible enzymatic basis for oxygen toxicity 
to the retina have been offered by a leading 
biochemist, and these might well serve as a 
guide to further experimental work on the 
pathogenesis of retrolental fibroplasia.’ 
However, with solution of the mystery of the 
cause of retrolental fibroplasia from the 
clinical standpoint, there appears to have 
been a decrease in the incentive to study the 
disease experimentally. In the year under 
review, experimental investigation has shown 
that oxygen-induced abnormalities of retinal 
function are detectable by means of electro- 
retinography in rabbits.** 

Two new and apparently highly selective 
intoxicants of the retina have been dis- 
covered, piperidylchlorophenothiazine and a 
series of diaminodiphenoxy alkanes. The 
toxicity of the chlorophenothiazine com- 
pound, known medically as N. P. 207, is of 
particular interest because this substance is 
closely related to the well-known drug 
chlorpromazine and has even more desirable 
actions on the central nervous system, Un- 
like chlorpromazine, which has not exhibited 
significant toxic effects to the eye, N. P. 207 
has been found to cause retinal pigmentary 
degeneration in ndivid- 
ual susceptibility varied considerably, but at 
dosage levels required for the desired effect 
on the central nervous system roughly one- 
to two-thirds of the patients developed 
fundus abnormalities within one to three 
months. In several instances the abnormali- 
ties appeared after the drug had been 
discontinued, The earliest symptom was hem- 
eralopia. Visual acuity was not affected in 
most instances, but in a few patients it was 
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seriously The fields 


visual 


impaired, 
became moderately contracted, and_ scat- 
tered discrete patches of abnormal retinal 
pigmentation gradually developed, slightly 


resembling retinitis pigmentosa. After 
withdrawal of the drug there has gener- 
ally been some improvement, but in at least 
four cases the vision has remained very poor 
even after five months.® All efforts to in- 
duce toxic effects in animal eyes with 
N. P. 207 so far have been negative, and it 
appears that this drug has a high specificity 
for the human retinal pigment epithelium. 

The diaminodiphenoxy alkanes, in partic- 
ular 1,5-bis( p-aminophenoxy) pentane, were 
discovered to affect the vision of mon- 
keys, dogs, and cats when these drugs 
were administered for evaluation as poten- 
tial schistosomicidal agents.** Vision was 
impaired within 24 hours of administration, 
and the pupils became dilated and did not 
react to light. The site of the toxic action 
was found to be in the retina. Retinal vessels 
became constricted and retinal pigmentary 
degeneration and proliferation developed in 
two to eight weeks. Histologically, the outer 
layers of the retina, including visual and 
pigment cells, were found to be extensively 
damaged but the inner layers of bipolar and 
ganglion cells were preserved. 

Concerning toxic amblyopia from well- 
known causes, a variety of observations have 
been added to the literature. A group of 
patients acutely poisoned with methyl alco- 
hol were so successfully treated by adminis- 
tration of alkalinizing agents and ethyl 
alcohol that no loss of vision occurred.!** 
This adds weight to the recommendations 
which have been made for this treatment on 
the basis of previous clinical experiences 
and conforms with the results of experi- 
ments in monkeys in which ethyl alcohol was 
found to have significant protective effect 
against methyl alcohol.*° 

A single case report of temporary blind- 
ness due to quinine poisoning has been added 
to the vast literature on this subject.7*7 A 
relatively rare instance of recurring total 
blindness from digitalis has been described, 
and it seems likely that this was an instance 
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of cerebral cortical blindness, because the 
pupillary reflex to light remained active.® 
One case of transient amblyopia with con- 
stricted fields has been described in a patient 
receiving both quinidine and digitalis; the 
condition improved after quinidine was dis- 
continued, and this has been presented as 
possibly the first case of toxic amblyopia due 
to quinidine.** 

Electroretinographic studies on patients 
confirmed previous reports that in siderosis 
from intraocular foreign bodies of iron the 
ERG may be greatly affected even when 
the visual acuity is nearly normal.™’7 The 
electroretinographic, metabolic, and mor- 
phologic changes in the retina which may 
be induced by a variety of poisons in rabbits 
have been further analyzed, but no particu- 


larly noteworthy conclusions were reached.*: 
73,91 


Investigation of the cause of optic neuritis 
and atrophy occurring in patients under 
treatment with isoniazid (INH) and strepto- 
mycin for tuberculous meningitis has estab- 
lished that this complication occurs only 
when isoniazid is administered by intrathecal 
injection.??.4 

Finally, a valuable comprehensive review 
of toxic amblyopia has been provided by 
Frank Carroll.** 

Muscles.—Several cases of squint and 
papilledema have been described in children 
suffering from lead poisoning.’ In_ this 
instance the lead came from burning lead 
batteries; most notoriously in the past it 
has come from eating lead paint. Children 
appear to be more prone to develop enceph- 
alitis with increased intracranial pressure, 
papilledema, and sixth nerve palsies as a 
result of lead poisoning than do adults. The 
most promising means now available for 
ridding the body of lead is the administration 
of edathamil calcium-disodium (calcium 
disodium ethylenediaminetetraacetate ) . 

Administration of ethyl alcohol to human 
volunteers was found to induce nystagmus 
at a dosage of 50 ml. or more of absolute 
alcohol or its equivalent.%* 

243 Charles St. (14). 
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CERTIFICATE IN OPHTHALMIC SURGERY 


To the Editor:—The creation of a Certificate of Ophthalmic Surgery by the 
American Board of Ophthalmology has been announced in the American Journal 
of Ophthalmology and in the A.M. A. ArcHIves OF OPHTHALMOLOGY ( March, 
1957, page 476). The following are some thoughts concerning this announcement. 

The proposal to create a certification in Ophthalmic Surgery contains several 
unfavorable aspects. 

First, it will lower the prestige of the American Board of Ophthalmology. 

Second, it will brand as surgically incompetent all ophthalmologists who fail 
to possess this certificate. 

The requirements for certification in ophthalmic surgery will be extremely 
difficult to obtain in areas of smaller population. There are many specialists 
certified by the Board practicing today in areas in which neither the surgical 
volume nor the necessary certified colleagues are easily available. This, of necessity, 
may prevent them from obtaining certification and will indirectly and unjustly 
brand these men as incompetent ophthalmic surgeons. Newly certified physicians 
will not be able to practice in smaller communities if they desire certification in 
ophthalmic surgery. Young men desiring to practice ophthalmology in smaller 
communities, faced with the almost insurmountable task of acquiring the qualifica- 
tions for certification, while at the same time bearing the label of a “noncertified” 
ophthalmic surgeon, may well decide that to become a specialist certified by the 
American Board of Ophthalmology is not worth the effort. Areas of small 
population will be deprived of the competent ophthalmology that could and should 
be available. 

The establishment of a certificate of ophthalmic surgery will decrease the 
prestige of the American Board of Ophthalmology. It will create the impression 
that present and future certified specialists are incompetent in ophthalmic surgery 
until they have practiced their speciality for at least three years, performed a large 
volume of surgery, and then obtained certification. Building a surgical practice 
and acquiring the volume of surgery necessary for the requirements, under these 
conditions, is practically impossible in small communities. 

It is important to remember that in small communities a physician soon becomes 
very well known—not only his qualifications but his surgical successes and failures 
as well, It is also to be remembered that most hospital appointments are based on 
the possession of Board certification. If having a certificate of the American 
Board of Ophthalmology is not to mean competency in Ophthalmic surgery, it is 
conceivable that major privileges to do ophthalmic surgery may not be granted, 
thus further decreasing the opportunity to acquire such certification. It is equally 
conceivable that, in attempts to acquire, as rapidly as possible, the necessary volume 
of surgical cases, ill-advised or unnecessary surgery may he encouraged. 

It is not, to be sure, the intent of the Certificate of Ophthalmic Surgery to 
deprive presently certified specialists of the prestige of the American Board of 
Ophthalmology, but it will surely accomplish this, and a majority of these special- 
ists will automatically become incompetent surgeons, In announcing the creation 
of the Certificate of Ophthalmic Surgery, the Board is, in fact, stating that the 
majority of present certified specialists are incompetent surgeons ; for if the feeling 
was that only a small minority were incompetent the concept of surgical certifica- 
tion would not have been proposed. 

If there has been improper examination for surgical competency, this should 
be corrected. However, the manner of correction should be such that certified 
specialists may still build practices in small communities, that such physicians will 
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not suddenly be considered incompetent surgeons, and that the prestige of the 
American Board of Ophthalmology will not be destroyed. 

James C, Cannirr, M.D., 

51 Main St. 

Torrington, Conn, 


To the Editor:—There has been much discussion and considerable written 
about the additional certification in ophthalmic surgery. There seems to be too 
great a lack of agreement in this field to make one feel that the movement is fully 
understood and accepted by the ophthalmologists throughout the United States. 

We are a democracy and are proud of our heritage in which everyone has the 
right to be heard. I believe that it was wise to poll all of the members who hold 
certification from the Board of Ophthalmology and determine whether or not they 
were in favor of the additional certification. 

Merrit J. Reen, M.D., 
919 Taylor St. Building, 
Portland 5, Ore. 


Society Transactions 


COLLEGE OF PHYSICIANS OF PHILADELPHIA, SECTION ON OPHTHALMOLOGY 
1. S. Tassman, M.D., Chairman 
William E. Krewson, 3rd, M.D., Clerk 
January 17, 1957 


Mandibulofacial Dysostosis (Treacher Collins Syndrome) |eonarp Apt, M.D. 

(by invitation). 

Mandibulofacial dysostosis is a congenital deformity of the facial bones which 
has not been described often in the American literature. Although the key mani- 
festations involve the eye region, the syndrome is little known to the ophthal- 
mologist in this country. A total of 121 cases were found in 69 articles up to part 
of 1956; 16 cases described in eight papers were reported from the United 
States—only two reports were by American ophthalmologists. I have seen four 
patients with this entity in less than one year at the Wills Eye Hospital, and 
previously I encountered five cases while at a children’s hospital. This experience 
suggests that the disease is commoner than one would surmise. 

The major clinical manifestations in mandibulofacial dysostosis are the 
following: 

1. Eye. The palpebral fissures slope downward laterally (“antimongoloid’”) ; 
coloboma in the outer portion of the lower eyelids ; deficiency of cilia in the medial 
half of the lower eyelids; occasionally absence of the puncta of the lower eyelids 
and abnormalities of the nasolacrimal channels. 

2. Facial bones, Underdevelopment of the malar, maxillary, and mandibular 
bones; macrostomia; fistulae or clefts between the angles of the mouth and the 
ears. 

3. Ears. Malformation of the external ear, auditory canal, and middle ear 
(incus and malleus), 

The appearance of these patients with the fully developed syndrome is that 
of a fish or a bird. This is particularly unfortunate because most of the patients 
are of normal intelligence. Persons with the incomplete syndrome—those with no 
gross abnormalities of the lower face or ears, may go unrecognized. 

The facial malformations have been explained by a failure of differentiation 
of the mesodermally derived tissue of the first visceral arch at about the seventh 
week of fetal life. The absence of the stapedial artery, a vessel which is associated 
with the first visceral arch, recently has been offered as an explanation for the 
maldevelopment, 

Three points are to be stressed in the practical management of these patients: 

1. Early detection and treatment of deafness to allow normal mental and social 
development of the child. Deafness is a common feature of this syndrome and 
may not be suspected if there is middle ear but no external ear abnormality, 

2. Investigation of the inheritance pattern by careful family history and by 
radiographic examination of the facial bones. There may be roentgenographic 
evidence of underdevelopment of the facial bones in persons who have no gross 
facial abnormalities. 

3. The necessity of good supervision and close cooperation between ophthal- 
mologist and general plastic surgeon to obtain optimal cosmetic results, Compli- 
cations due to congenital obstruction in the lacrimal drainage system are handled 
in the usual way by the ophthalmologist. 


Comparative Studies Using Primacaine HCl and Other More Commonly 
Used Local Anesthetic Agents. H. G. Scneir, M.D., and Nem S. Wr- 
tiaMs, M.D. (by invitation). 

Further studies are reported attempting to find a local anesthetic of sufficient 
duration to avoid the period of immediate postoperative pain following ocular 
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surgery. Primacaine HCl was made available on an experimental basis in June, 
1956 (Novocol Chemical Manufacturing Company, Inc., 2911 Atlantic Ave., 
Brooklyn 7). Studies reported in this paper show that it has a duration of 
approximately one hour longer than procaine HCl or lidocaine HCl. It is an 
excellent anesthetic agent, causes no local irritation, and seems nontoxic. It is 
being extensively used for dental surgery, where it is considered to be the 
anesthetic agent of choice by many. The ideal anesthetic solution for ophthal- 
mologic surgery should, however, have a considerably longer action to prevent 
postoperative pain. 

We also report further experience with retrobulbar anesthesia with use of 
a polyethylene tube retained in the muscle cone. It has proved to be effective in 


relieving postoperative pain and has been used with safety in more than 600 
patients, 


The Pupil—Theoretical and Practical Considerations. Micnart Curcio, M.D. 
(by invitation). 

In clinical practice the pupil of the eye as it varies from patient to patient (and 
in the same patient from time to time) in size, shape, or position produces charac- 
teristic subjective visual effects. By far the most important pupil characteristic 
is that of size. Practical observations, supported by theory, show that size changes 
have clinically significant effects upon retinal image brightness and depth of focus. 
The latter further influences accommodative demand for near, the age of onset 
of the presbyopic syndrome, and the tolerability of refractive errors, even in 
younger subjects. In addition, effects upon adaptation time, subjective appreciation 
of small opacities, and extent of visual fields were reviewed. 

Special observations upon the results of anisocoria were discussed together 
with some original suggestions for its management. 


NEW YORK ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Isadore Givner, M.D., President 
Byron Smith, M.D., Secretary 


NEW YORK SOCIETY FOR CLINICAL OPHTHALMOLOGY 
Max Chamlin, M.D., President 
Richard J. Bellucci, M.D., Secretary 
Joint Meeting, Jan. 21, 1957 


Alternating Jaw-Winking Phenomenon (Motion Picture). Joun T. Simon- 
ron, M.D. 

This case of alternating jaw-wink is presented for two reasons: 1. This 
condition is relatively infrequent. Beaumont reported the first case in 1898; 
the second case was reported in 1930 by Marin Amat. 2. In the examination 
of infants, particularly, I feel that the lids should be observed while the infant 
is sucking on a bottle; otherwise, it is possible to miss the jaw-wink phenomenon, 
especially if the mother is the type who is not particularly anxious to reveal 
any unusual movement of the eyes or lids. 

The case presented tonight is a 10-year-old girl who was first seen at the 
Lenox Hill Clinic about one year ago. As you will see in the movies, when the 
jaw moves to the right the left lid goes up. When the jaw moves to the left, 
the right lid goes up. However, in the primary position cosmetic appearance, 
I feel, is not bad enough to warrant surgery. 

The first scene on the films shows a lack of tilting back of the head, and 
there is no head turn or head tilt to either shoulder. This patient has been 
followed for over a year, and her condition remains about the same. 

Summary: A case of alternating bilateral jaw-winking phenomenon is pre- 
sented. It is emphasized that the examiner should specifically look for the 
phenomenon in a routine examination of every eye case by having infants suck 
on a bottle or by having older patients move their jaw from side to side. 
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Panel Discussion on Ocular Motility 


Members of the Panel—Dr. Harold W. Brown; Dr. Walter H. Fink (by 
invitation), Minneapolis; Dr. William E. Krewson (by invitation), Philadelphia; 
Dr. Abraham Schlossman. Dr. Isadore Givner, Chairman of the Section, pre- 
siding for the first part of the discussion, and Dr. Max Chamlin, President of 
the Society, for the second part. 


Dr. Givner: Dr. Brown, will you discuss the indications for surgical pro- 
cedures in the handling of an overactive inferior oblique (recession, myotomy, 
myectomy) ? 


Dr. Brown: The indications for these several surgical procedures are not as 
definite as the wording of this subject indicates. The recession operation can be 
used in the surgical handling of all cases of inferior oblique overaction. There 
are surgeons who advocate the abandonment of the myotomy and the myectomy 
procedures. They point out that the advantages of the recession operation out- 
weigh the advantages of the myotomy and the myectomy procedures. The 
advantages of the recession operation are twofold: first, the safety factor involved, 
and, second, the more accurate gradation of the results of the operation. The 
safety factors have to do with the avoidance of a complete postoperative 
paralysis, which can occur following a large myectomy, and the prevention of 
making the mistake of operating on the lateral or inferior rectus instead of the 
inferior oblique. The more accurate gradation is assured because of the measured 
recession of the muscle. With these advantages I am in complete agreement. 
However, my experience with the myotomy and the myectomy procedures has 
convinced me that these procedures should not be abandoned. The advantages 
of the myotomy and of the myectomy procedures are, first, that less dissection 
is required to accomplish these procedures; second, that a greater effect can be 
obtained by a large myectomy than by a marked recession of the muscle, and, 
third, which is very important, that the myotomy and myectomy procedures are 
the only lengthening types of operations which can be done at the origin of the 
inferior oblique. 


The indications for these surgical procedures in the handling of an overactive 
inferior oblique will depend on the advantages that each procedure offers in any 
individual case. For example, in a case of bilateral overaction of the inferior 
oblique, especially if the overaction is asymmetrical, the more accurate gradation 
of the correction by a recession procedure is more important than the less extensive 
dissection that would be required by a myotomy or a myectomy procedure. Also 
in cases in which a surgical procedure on the homolateral lateral rectus muscle 
is indicated, as well as a lengthening procedure on the inferior oblique, the reces- 
sion operation is definitely indicated. The myectomy procedure is preferable in 
cases where there is a marked unilateral overaction of the inferior oblique. A 
myotomy or a myectomy procedure is indicated in many cases where a previous 
surgical procedure has been done at the insertion of the inferior oblique. The 
myotomy operation can be used as an alternative procedure to a recession opera- 
tion, in cases of moderate unilateral overaction of the inferior oblique. 

Dr. Givner: Are there any differences of opinion? 


Dr. Fink: In the main I agree. I should like to point out one or two things 
which may be worth while to supplement what Dr. Brown has said. Working 
at the origin, in my experience, is unpredictable. I explain that on the basis of 
the fusion between the inferior rectus and inferior oblique. In some instances 
we get a complete paralysis of the muscle following surgery at the origin, and 
in some instances we get no effect whatever; in other words, there is great 
variability in the result. 

In doing a recession, one may weaken the muscle, but many times there is a 
posterior fascial extension, in which case, if it is not severed, the effect of the 
operation will be lessened. I think that many of our poor results are due to this 
fact. By severing this posterior sheath expansion we can regulate a recession very 
accurately. 
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I should like to point out one more thing: There is only 16 mm. of muscle 
between the inferior rectus and the inferior oblique insertion, and if you recess 
the inferior oblique more than 8 mm. you may weaken the muscle excessively 
and create a paralysis of the inferior oblique. 

Dr. Krewson: I have nothing to add, except that I wonder how often we 
get an overcorrection, clinically, when operating for overaction of an inferior 
oblique. In my experience, I have found it rather difficult to obtain sufficient 
correction, if the overaction was very large. 

Dr. ScuLossMAN: I agree with Dr. Brown on the main points. 

Dr. Givner: Dr, Fink, will you (a) briefly discuss anomalous development 
as a causative factor in vertical defects and (b) state what are the anatomic 
factors which determine the ‘selection of operative techniques in oblique surgery? 

Dr. Fink: Anomalous development as a causative factor in vertical muscle 
defects will be presented in two parts: (1) anomalous development related only 
to the vertical muscles and (2) anomalous development related to the associated 
fascia. 

(1) Anomalies Related to the Vertical Muscles—A. Absence of a Vertical 
Muscle: Absence of a vertical muscle is a rarity and is a negligible factor in 
evaluating the cause of the mechanical defect. 

B. Accessory or Rudimentary Vertical Muscles: Such deviations from the 
normal formation may be considered a rarity. 

C. Fibrosis: Fibrosis of the horizontal muscles is relatively common. Such 
fibrosis also occurs in the vertical muscles in varying degrees and may be 
associated with fibrosis of the horizontal muscles, 

Such anomalous development is more common than the literature indicates. 
Because of the nature of the anatomy in the region of the vertical muscles, a 
wide exposure of the area at surgery is not possible and, as the result, the nature 
of the anomaly may be overlooked. It is especially difficult to evaluate the 
character of the tissues in defects of mild or moderate degree. 

D. Anomalies of Muscle Insertion: Although variation in the insertion of the 
vertical muscles may be sufficient to cause a mechanical problem, our evidence 
as to its actual role is difficult to evaluate. 

FE. Anomalies in the Plane of Action: Examination of anatomic material shows 
that the oblique muscle planes do not exactly coincide. However, most observers 
consider that for practical purposes the muscle planes should be regarded as the 
same, making an angle of about 51 degrees with the visual line. Any mechanical 
difference in the plane of action is neutralized by the adjustment capacity of the 
central mechanism. 

In higher degrees of variation, however, as found in some of the 22 specimens 
showing greatest variation, it is possible that such a condition may create a 
mechanical obstacle to binocularity and, when associated with other etiologic 
factors, may be sufficient to produce a deviation. 

(2) Fascial Anomalies Associated with the Vertical Mechanism.—There is 
little positive information available concerning fascial anomalies of the vertical 
mechanism. Because fascial anomalies are obviously present in the horizontal 
field, it seems logical to expect their presence in the vertical field also. Because 
of the limited exposure of the vertical area for inspection at the time of surgery, 
in addition to the complex nature of the normal anatomy, it is possible that many 
of the fascial anomalies in this area are overlooked, especially those of minor 
degree. 

Fascial Anomalies Associated with the Vertical Rectus Muscles: 1. Anomalies 
limited to the fascia of the vertical rectus muscles. There is some evidence which 
indicates that such anomalies occur. I have found variation in connection with 
the fascial sheath of the superior rectus which suggested to me the anomalous 
state as described by Johnson. 

2. Associated anomalies of the fascia and the vertical rectus muscle. Both 
fascia and muscle are involved. 

Fascial Anomalies Associated with the Superior Oblique Muscle: The first 
type of anomaly of the superior oblique insertion consists of abnormal thickening 
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and fusion of the fascia bulbi adjacent to the fanned-out tendon of the superior 
oblique. The condition appears to be especially related to the fascia bulbi and 
trabeculae which immediately surround the oblique tendon. 

The second type of fascial anomaly encountered involves the fascial sheath 
of the superior oblique tendon medial to the superior rectus. In these cases 
the sheath of the superior oblique is thickened and more inelastic than normal. 

Fascial Anomalies Associated with the Inferior Oblique: The first type 
relates to the fusion between the sheath of the lateral rectus and the sheath of 
the inferior oblique at the point where the inferior oblique comes in contact with 
the lateral rectus. 

The second type of abnormal fascial development in this region relates to the 
posterior expansion of the sheath of the inferior oblique near its insertion and 
fusion with the sheath of the optic nerve. In this anomaly there is a thickened, 
inelastic development of the posterior expansion of inferior oblique sheath. 

Anatomic Factors Which Determine the Selection of an Operative Technique 
in Oblique Muscle Surgery.—Superior Oblique Muscle: The oblique turns down- 
ward, outward, and backward at an angle of about 54 degrees and is inserted 
into the posterolateral aspect of the globe. The tendon of the superior oblique 
from the trochlea to the insertion is about 18 mm. (% in.) long. There are 8 
mm. of tendon from the nasal edge of the superior rectus to the insertion. The 
tendon is slightly oval, being 2.0 to 3.0 mm. in diameter. Beneath the superior 
rectus it fans out into a very delicate fibroelastic structure. 

The superior oblique line of insertion is variable. The average length of 
the insertion is about 11 mm., and the. anterior tip of the insertion is less than 
0.5 mm. anterior to the equator of the globe. 

The tendon is avascular tissue and does not lend itself to surgery. 

The fascial membranes covering the reflected tendon may be described by 
dividing the area into two parts, the part from the trochlea to the medial edge 
of the superior rectus and the part beneath the superior rectus. 

The first part of the sheath of the reflected tendon of the superior oblique 
is an extension of various fascial membranes. They form a sheath 2 to 3 mm. 
thick about the tendon, so that the tendon and its sheath together are 5 to 6 mm. 
in diameter, In this space are countless tiny, hairlike trabecular strands. Because 
of these fibrillae, independent movement of the tendon in this region becomes 
negligible. 

The second portion of the superior oblique tendon covering, which is beneath 
the superior rectus, has a less complicated arrangement, being covered by only 
the fascia bulbi. 

The anatomy of the area suggests the following surgical procedures as most 
feasible. 

A. Severing of the superior rectus tendon is not necessary. 

B. Tenotomy of the superior oblique tendon adjacent to the medial edge of the 
superior rectus seems the logical procedure to weaken the action of the overacting 
muscle, It is important that the fascial sheath be minimally disturbed. 

C, A tuck adjacent to the insertion seems anatomically sound to strengthen 
the action of the underacting muscle, and it should not exceed 8 mm. 

Inferior Oblique Muscle: In its lateral passage of about 16 mm. from the 
lateral border of the inferior rectus, the muscle recedes 3 to 4 mm. 

The insertion of the inferior oblique is 9.5 mm. long and can vary from 
5 to 14 mm. in length. The anterior tip of the inferior oblique insertion is 
about 9.5 mm. posterior to the insertion of the lateral rectus muscle and 2.0 mm. 
above the level. 

The anterior expansion of the fascial sheath fuses with the fascial sheath of 
the lateral rectus, and the posterior fascial expansion fuses with the sheath of 
the optic nerve sheath. 

The surgeon should be able to visualize the area near the posterior tip of 
the insertion and be aware of the important structures in the vicinity (macula 
area, optic nerve, ciliary nerves, and ciliary vessels). 
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The anatomy of the area suggests the following surgical procedures as most 
feasible : 

A. It is not necessary to sever the lateral rectus. 

B. Surgery should be performed at the insertion of the inferior oblique, for 
the following reasons: 1. The approach is easier and the operation can be carried 
out with the structures under direct vision. 2. The effect of the operation can 
be more definitely regulated. Variable results may occur because of the variations 
in the degree of fusion at the point of crossing of the two muscles. 3, Surgery 
at the origin of the muscle may disrupt check action in both the inferior oblique 
and the inferior rectus muscle. ; 

C. The recession is the most logical procedure from an anatomic standpoint 
to weaken an overacting inferior oblique. 

D. Resection and advancement is the most logical procedure to increase the 
effect of an underacting inferior oblique. 

Dr. Brown: I should like to ask Dr. Fink whether, in his experience, some 
of these minor changes in the fascia, which apparently restrict movement, are 
sequelae of paralysis or whether they are the cause of paralysis. 

Dr. Fink: It is difficult to answer that question. Let us take, for example, 
the superior oblique tendon. It is my impression that there is an abnormal state 
of the trabeculae in that region, with a wider contact and fusion of the tendon 
to the globe than would happen in a secondary change. That is to a great 
extent supposition. 

Dr. Givner: Dr. Krewson, what is the role of the obliques in divergent 
strabismus? What are the A- and V- syndromes? What are the indications 
and procedures for their surgery? 

Dr. Krewson: One of the secondary actions of the oblique muscles is 
abduction, and the simultaneous and equal action of the two obliques will assist 
the lateral rectus in outward rotation of the eye. Overaction of an oblique muscle 
therefore can be a factor in the production of divergent strabismus, and it 
undoubtedly is an important element in those cases that show a variation in the 
horizontal deviation in elevation and depression of the eyes. 

As I understand it, the A-syndrome is that clinical picture in which exotropia 
becomes greater as the eyes are depressed, while the V-syndrome applies to 
exotropia which increases as the eyes are elevated. I first became acquainted 
with these terms when discussing Jampolsky’s paper at the last meeting of the 
Academy. He attributes the divergence of the visual axis in depression to 
overaction or contracture of one or both superior oblique muscles, and he reported 
a number of cases with exceptionally good results following myectomies of these 
muscles. In like manner, he ascribes increase in divergence in elevation to over- 
action of one or both inferior oblique muscles and showed good results in 
myectomies of one or both inferior obliques. Also, he feels that it is not impossible 
to have simultaneous overaction of both oblique muscles in the same eye although 
he admits that this is seemingly an unphysiological process. The results in 
Jampolsky’s cases were exceptionally good, but I do not feel that I can accept 
his premise. 

In general, it is my feeling that cases of exotropia which increases in 
downward depression are due most likely to paresis of one or both inferior 
recti, and resections of the inferior recti together with horizontal surgery have 
been my choice of treatment. Likewise, cases which showed greater exodeviation 
in elevation | have attributed to paresis of one or both superior recti, and I have 
applied similar surgery to these elevators. 

I am certain that recessions of the obliques will decrease an exodeviation, but 
I would expect that some crippling defects might appear at a later date. 

Dr. ScuLtossMAN: I have been loath to operate on vertical muscles in 
exotropia, for the simple reason that in most of these patients the squint is 
intermittent and usually the patient's cosmetic appearance is fairly good. In 
addition, many of these patients can perform skilled work. Before we consider 
surgery on vertical muscles for this condition, the difference in measurement 
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between elevation and depression should be very large, at least 30A or 
404. 

Dr. Fink: I have always felt that in these cases the recti are at fault in 
downward and upward gaze. I have had instances in which it seemed an obvious 
situation. In these cases, I shift the insertion of the rectus medially; that is, 
the rectus is moved medially half its width. It seemed to help the situation 
somewhat. I do not think that severing the obliques is advisable. It would seem 
to me a more logical procedure to shift the recti medially to counteract the 
overactive obliques. It is possible, however, that an abnormal insertion of the 
superior or inferior oblique may be the basic cause in the A- and V- syndromes. 
When we have a patient who, on looking up or down, has eyes widely diverged, 
I think we should do something about it if we can, and I think that the most 
conservative method is to shift the recti and increase their adducting power. 

Dr. Brown: In divergence, in lowered gaze, where there is overaction of the 
superior oblique muscles and underaction of the inferior rectus muscles, I have 
resected one or both inferior rectus muscles, with good results. 

Dr. Givner: Dr. Schlossman, do the amount and type of surgery, as estimated 
preoperatively, correlate with the end-result in horizontal strabismus? 

Dr. ScHLOssMAN: Because of differences in techniques, it is difficult to set 
down definite, uniform rules for each surgeon to follow and to expect similar 
results. There are certain striking differences in surgical results: 1. Equal 
amounts of surgical correction often give different results in different patients 
with the same type and amount of strabismus. 2. Different types and amounts 
of surgical correction may yield identical results in cases with similar measure- 
ments. 

Three factors favor good surgical results: 1. The same amount of surgery 
usually yields greater correction in patients with a higher degree of strabismus 
than in patients with a lesser degree of squint. 2. If glasses correct at least 
one-half of the esotropia, any procedure which is reasonably correct for the 
esotropia will give excellent results. 3. In hereditary cases, information obtained 
from the end-result of surgery on one member of a family in which similar 
types of squint prevail is a safe guide in planning surgical correction on another 
member of the same family. 

Dr. Fink: There are two or three points which I think might be worth while 
to mention; first, in working on infants, their eyes are smaller, and one must 
do less resection or recession on an infant than on an adult, because what we 
do is more effective on small eyes. The secondary changes in the muscle are 
not so pronounced in a young child as later in life, and we get much more 
effect in doing surgery on them. 

In dealing with nystagmus we can easily overcorrect if we do the customary 
amount of surgery on the eye, because the deviation is easily overcorrected. 

I think it is important to mention, in considering this question, that a recession 
is much more controllable than resection; ‘also, a combination of recession and 
resection is much more effective in producing a result than when these steps are 
done independently. In exotropia I aim to overcorrect, and in esotropia I try 
to undercorrect. I believe that it is wise to do muscle surgery in steps rather 
than try to do too much at one time. 

Dr. Givner: Dr, Brown, will you discuss surgical procedures used when a 
patient has a combined vertical and horizontal imbalance? 

Dr. Brown: This is a very interesting and complex subject. The surgical 
procedures which are usually effective in correcting a horizontal deviation are 
more likely to result in an over- or undercorrection when a patient has a combined 
vertical and horizontal imbalance. To a less extent, the same is true with surgical 
procedures used to correct vertical imbalances. The combined anomalies are 
common and occur in approximately 40% of all patients with strabismus. The 
surgically significant percentage is much lower. At times it is easy to recognize 
and evaluate the surgically significant combined imbalances. However, in a great 
many cases this is impossible and one will be obliged to correct the more obvious 
294 


be 

a 

3 


SOCIETY TRANSACTIONS 


deviation first. The less-obvious deviation may be accentuated and require surgery, 
or it may be minimized and require no surgery. 

The most frequent surgically significant combination that occurs in convergent 
strabismus is that of the overaction of one or both of the inferior oblique muscles. 
The influence that the horizontal has on the vertical in the correction of this 
type of combined imbalance is important. As Dr. Krewson has pointed out, the 
oblique muscles exert their maximum vertical action when the eye is in adduction, 
To correct surgically both a convergent deviation and an overaction of the obliques, 
allowance must be made for a less prominent vertical action of the oblique which 
will result from the correction of the convergent deviation. To correct surgically 
a combined convergent deviation and an overaction of the vertical rectus muscles, 
allowance must be made for a more prominent overaction of these muscles 
following the correction of the convergent deviation. This is true because the 
vertical rectus muscles exert their maximum vertical action when the eye is in 
abduction. The surgical correction of the combined divergent and vertical devia- 
tions will require just the opposite allowance to that which has just been 
outlined for the combined convergent and vertical deviations. 

The influence that vertical deviations have on horizontal deviations is also 
important. Prominent overacting obliques accentuate divergence. The inferior 
obliques accentuate divergence in upward gaze and the superior obliques accentuate 
divergence in lowered gaze. Overacting vertical rectus muscles result in the 
opposite type of horizontal incomitancy in up-and-down gaze. If this incomitancy 
is marked, the vertical deviation should be corrected first. 

In addition to evaluating the influence that these deviations have on each 
other, it is important to recall that horizontal deviations can be secondary to 
vertical deviations. Also, vertical deviations can be secondary to horizontal 
deviations. Under these conditions it is essential to correct the primary deviation 
first. 

In conclusion, the success of a surgical correction of these combined deviations 
may depend on which deviation is corrected first. Two general rules may help 
in determining which deviation should be corrected first. 1, If the horizontal 
deviation is secondary to, or is accentuated by, the vertical, the vertical should 
be corrected first. 2. If the vertical deviation is secondary to, or is accentuated 
by, the horizontal, the horizontal should be corrected first. 

Dr. Krewson: I agree with everything Dr. Brown has said. I should like 
to emphasize one thing which Dr. Fink emphasized in answer to a former 
question: It is better, when we have these multiple deviations, to operate on one 
muscle at a time, if necessary, than to do too much surgery at one sitting. 

Dr. ScHLOssMAN: I agree with the other panel members. 

Dr. Fink: Scobee gave a rule that has been sometimes of help, and that 
is this: If the vertical deviation is less than half the horizontal, we do the 
horizontal first, and if the vertical deviation is half of or greater than the hori- 
zontal we do the vertical first. I take one component at a time in most instances, 
unless the deviation is unilateral and the eye has amblyopia. 

Dr. CuHaMuin: Dr, Fink, what are the pitfalls in vertical muscle surgery? 

Dr. Fink: Do not operate too soon after the injury to a muscle. Do not 
operate on a dissociate type of defect. Do not delay surgery when it is indicated. 
Do not do too much in one step. Do not traumatize the tissues needlessly, 

The Vertical Recti—Surgery on the vertical recti is less predictable with 
respect to result than is surgery on the horizontal recti. Avoid excessive recession 
or resection. More than a 3 mm. resection may cause ptosis. Recessing more 
than 4 mm. may involve the tendon of the superior oblique and limit its action 
because it becomes attached to the scar tissue resulting from the surgery. 

The Superior Oblique-—One may err in severing only the fascial sheath 
instead of the tendon in doing a tenotomy. In doing a tenotomy do not tear the 
sheath; instead make only a small opening and cut only the tendon. The tendon 
should be cut adjacent to the medial rectus, because an excessive weakening may 
result if the tendon is cut too close to the trochlea. 
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Tenotomy calls for definite indications, and, if the operation is not indicated, 
can cause the patient to be visually crippled because of the resulting torsion. 

Tucking the muscle should be done by approaching from the lateral side of 
the superior rectus. The tendon and its sheath near the insertion is tucked. 
Do not tuck more than 8 mm. of the tendon. One may not recognize the tendon 
and only the fascia may be tucked. Trauma should be reduced to a minimum. 

Gelfilm is of value in lessening adhesions. 

The Inferior Oblique.—Operation at the origin gives unpredictable results. 
More predictable results are obtained in cases of recession at the insertion. 
Myectomy or myotomy is not as predictable as the recession operation and cannot 
be undone. The recession operation has the advantage that if too much effect 
is obtained the muscle can be reoperated on. Do not do more than an 8 mm. 
recession, and keep it in the correct line of action. The lateral rectus does not 
need to be severed in working on the inferior oblique. Care should be taken 
in working at the insertion because of the danger of injury to the macula, ciliary 
vessels, and nerves. Cut the posterior fascial sheath of the inferior oblique in 
doing a recession. Limit the trauma to a minimum, because adhesions result and 
lessen the result. Gelfilm placed between the operated on inferior oblique and 
the lateral rectus will help prevent adhesions. 

Dr. Brown: I have a great deal of respect for the superior rectus, but I fear 
the inferior rectus more than the superior rectus. I have seen cases in which 
a recession of the inferior rectus resulted in a marked overaction of the homo- 
lateral inferior oblique. These cases had been operated upon for a vertical deviation 
caused by an old paresis of the contralateral superior oblique. The recession of 
the inferior rectus, in these cases, resulted in the correction of the preoperative 
diplopia in the vertical motor field of the inferior rectus. The operation also 
resulted in diplopia in all other fields of gaze, owing to the overaction of the 
homolateral inferior oblique. I concluded that the recession of the inferior rectus, 
in these cases, either unmasked a preexisting overaction of the inferior oblique 
or resulted in a more effective line of traction of the inferior oblique. I should 
like to know whether or not Dr. Fink has had any such experience. 

Dr. Fink: I also have great respect for both vertical recti. I have found that 
sometimes one thinks one has done just the right amount of surgery and one 
gets a marked under- or overeffect. 

Dr. Krewson: I am certain that too many muscles are operated on before a 
correct diagnosis has been made. If one is not sure of the diagnosis, I think 
one should do nothing. While this may be very obvious, I think it is a comment 
worth making. 

Dr. ScHLOSSMAN: I have a great deal of respect, as have the other members 
of this panel, for vertical muscle surgery, except perhaps for that on the inferior 
oblique. Here we should consider the type of result we can anticipate. If it is 
chiefly cosmetic, we should tailor our procedure toward this end. Perhaps it 
would be advisable to perform less surgery on vertical muscles, thus saving our- 
selves a great deal of grief. 

Dr. CHAMLIN: Do you anchor that Gelfilm with sutures? 

Dr. Fink: Supposing we use a tuck of the superior oblique as an example. 
I take a small piece of Gelfilm and place it between the superior rectus and the 
tuck. I do not have to anchor it. You have to put it in quickly, because it 
softens rapidly and you cannot control it. 

In inferior oblique procedures, I place it between the lateral rectus and the 
new insertion of the inferior oblique. In one instance in which an inferior 
oblique recession had been done six months previously, | operated on the lateral 
rectus and found the Gelfilm still intact. 

Dr. CHAMLIN: Dr. Krewson, will you discuss the vertical displacement of the 
horizontal recti for the purpose of correcting a combined vertical and horizontal 
deviation? 

Dr. Krewson: It was my hope that Dr. Brown might discuss this subject 
in his answer to Question 5, on combined vertical and horizontal imbalance. 
Personally, I have not used this method in attempting to overcome a vertical 
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disturbance at the time of operating on the horizontal muscles. The method does 
not seem very logical to me; for, if we have a vertical defect, one or more of 
the vertically-acting muscles is probably at fault and so direct attention should 
be given to these faulty muscles, rather than to muscles that do not act in the 
vertical plane. 

I am sure that displacement of the horizontally-acting muscles will have a 
vertical effect on the globe, for, unfortunately, I have experienced such a post- 
operative result when I know that I have obtained misalignment in reattaching 
a lateral or medial rectus muscle. 

It is my understanding from the literature that insertion of the lateral rectus 
at a point above the primary insertion invariably causes elevation of the anterior 
pole of the globe, while insertion of the lateral rectus at a point below the primary 
insertion invariably causes a lowering of the anterior pole, and the same is the 
case for the medial rectus. Until recently it was not certain as to exactly what 
the effect of this transplantation might be. Alvaro has reported that for each 
millimeter of vertical distance between the primary position and the new position 
after the transplant a correction of 1 degree is obtained. This is for concomitant 
strabismus, either convergent or divergent, a recession of one muscle and a 
resection of the opposing muscle being done simultaneously. The results are said 
to be good, with no postoperative cyclophoria. As I have said, I have had no 
personal experience with this procedure. 

Dr. Brown: I have done this procedure several times. In some cases there 
were encouraging results, and in other cases there was no change whatsoever. 
Adhesions above and below the point where the muscle has been sutured to the 
globe may be the reason why these effects have been so variable. I gave wp this 
procedure many years ago. The great majority of vertical deviations increase 
in an oblique field of gaze; therefore I prefer to operate on the vertical-acting 
muscles to correct vertical deviations. 

Dr. Fink: As you know, Bielschowsky used this procedure for inferior 
oblique overaction. Foster has made definite claims as to the effectiveness of it. 
I believe he said that in the displacement of the width of a tendon combined with 
a resection he got 7A and that if he advanced the tendon and displaced the 
muscle the width of the insertion he got 114A or 12A. I feel that it is dangerous 
to carry out this procedure because of the cyclodeviation one is likely to get. 

Dr. CHAMLIN: Dr. Krewson, do you suppose that spreading the tendon 
insertion with two sutures helps to avoid torsional deviations ? 

Dr. Krewson: | always use two sutures in a recession or a resection to 
spread out the muscle and to attach it firmly. I think that the method would be 
helpful in this case, but I do not practice the displacement of the horizontal recti 
to correct a vertical deviation. 

Dr. Cuamuin: Dr. Schlossman, will you discuss unilateral vs. bilateral surgery 
in strabismus? 

Dr. ScHLossMAN: The chief argument in favor of bilateral, or so-called 
symmetrical, surgery is that the resultant ocular movements are comitant. How- 
ever, the panel member has observed that many well-executed recession-resection 
procedures give similar cosmetic results. If the ophthalmic surgeons feels fairly 
certain that bilateral surgery will yield the desired result, it is the operation of 
choice. If there is any doubt, or if the squint is large, a recession and resection 
on one eye should be the primary procedure; if further surgery is indicated, 
operation on the fellow eye can be planned, based on the result of the initial 
surgery. In amblyopia, unilateral surgery is preferred. 

Recession of only one medial rectus frequently yields little correction, In 
esotropia of small degree or in accommodative esotropia with abnormal accommo- 
dation-convergence ratio, it may be advisable to perform the recession on the 
fixing rather than on the deviating eye. 

Dr. Fink: Symmetrical surgery is especially important in children, because 
there is greater possibility of a functional result when comitancy is present. 

Dr. CHAMLIN: You say that the amount of deformity for distance being 
greater than for near is rather rare in esotropia? 
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Dr. ScutossmaNn: I have said that the presence of a very remote near-point 
of convergence in esotropia is very rare. 

Dr. CHAMLIN: Do the other members of the panel feel the same way about it? 

Dr. Brown: It is rare, but it does occur. 

Dr. Cuamiin: How would you prevent overcorrection following horizontal 
surgery, Dr. Brown? How would you manage such overcorrection? 

Dr. Brown: Overcorrection following horizontal surgery can be prevented 
in the great majority of cases. To accomplish this prevention factors in the pre- 
operative analysis, which indicate that overcorrection may occur, must be evaluated 
in each case. Also, errors in surgical technique must be avoided. 

A few of these factors in the preoperative analysis of comitant convergent and 
divergent deviations should be considered. 

In comitant convergent deviations the factor of spontaneous reduction of the 
magnitude of convergent deviation in many young children, due to growth and 
refractive changes, may be mentioned. Overcorrection due to this factor can be 
prevented by surgically undercorrecting the esotropia in young children and by 
surgically correcting only the nonaccommodative element of the deviation. Cross- 
fixation is another factor to be considered in the prevention of overcorrection. 
In cross fixation the patient on looking to the right fixates with the left eye, and 
on looking to the left fixates with the right eye. Bilateral medial rectus recession 
should be done guardedly, and, if the deviation is not great, lateral rectus resection 
is a safer procedure. The magnitude of the deviation at distant fixation, as 
compared to near fixation, is another important factor to be considered. Oc- 
casionally the deviation is greater at distant than at near fixation. When this 
factor is prominent, overcorrection can be prevented by bilateral resection of the 
lateral rectus muscles or by a small recession and a larger resection procedure 
on one eye. 

Overcorrection in divergent deviations is a rare complication following hori- 
zontal surgery. In divergent deviations an important factor to be considered 
has to do with the magnitude of the deviation at near fixation in intermittent 
exotropia. When the deviation at near is not over 6A the patient should not 
be operated upon. When the exophoria is 10A to 15A, lateral rectus recessions 
should be limited to 3 to 5 mm., to prevent overcorrection. There is a rather 
practical test that may help in evaluating the deviation at near fixation. By 
placing 2+ spheres in addition to the corrected refraction and stabilizing the 
accommodation by an appropriate fixation object, a small exophoria may increase 
as much as 20A. 

The age of the patient is another factor to be taken into consideration in the 
prevention of overcorrection following horizontal surgery. The age factor should 
be considered along with the safety limits of the recession operation. In children 
under 3 years of age the safe limit of the recession operation on the medial 
rectus muscle is 3 mm, and that on the lateral rectus muscle is about 5 mm. In 
an adult, unless the case is an exceptional one, the safe limit of the recession on 
the medial rectus muscle is 5 mm. and that of the recession of the lateral rectus 
muscle is 7 mm. 

Careful technique in the performance of the operation itself can prevent 
some overcorrections due to postoperative fibrosis and adhesions. Fibrosis caused 
by hemorrhage into the muscle can be prevented by making the conjunctival 
incision well posterior to the insertion of the muscle. In this region the fascial 
attachments are loose and the danger of cutting into the sheath or the muscle, 
er both, is less. Also, the complication of postoperative adhesions between the 
muscle and the globe can be prevented if care is taken in the operative procedure 
not to injure the posterior sheath of the muscle. Injury to the posterior sheath 
of the muscle may result in extensive adhesions between the muscle and the 
sclera. These adhesions can result in limitation of the action of the muscle. 

The second part of the question is “How would you manage such over- 
correction?” Management of such overcorrection following horizontal surgery 
will require surgical treatment in most cases. Surgical management will depend 
upon whether or not the overcorrection has resulted in a comitant or in an 
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incomitant deviation and upon the magnitude of the overcorrection. In comitant 
overcorrection, where there is no limitation of the rotation of the eyes, one or 
both of the recessed muscles will require corrective surgery. A_ resection 
in addition to reattachment of the muscle to its original insertion may be, and 
usually is, necessary. The magnitude of the overcorrection is important. If the 
magnitude of the deviation due to the overcorrection is equal to the original 
deviation, it will require more surgery to correct the overcorrection than it did to 
correct the original deviation. 

Incomitant overcorrection, where there is a limitation of rotation into the field 
of action of the recessed muscle, necessitates waiting until the muscle is exposed 
at the operation before it is decided just what to do. If the limitation is found 
to be due to secondary fibrosis of the muscle, it will be necessary not only to 
replace the muscle to its original insertion but also to resect some of the muscle. 
If extensive adhesions between the muscle and the sclera are found, freeing of 
the adhesions and resuturing of the muscle to its original insertion are indicated. 
It is also important to start active rotation of the eye a few hours after the 
operation to prevent the adhesions from re-forming. Another good method of 
preventing these adhesions from re-forming is to place Gelfilm between the 
muscle and sclera. An incomitant overcorrection that is found, at operation, to 
be due to an excessive recession will usually require a replacement of the muscle 
to its original insertion. 

The prevention of overcorrection following horizontal surgery involves other 
factors, and the management of such overcorrection includes other procedures 
than those mentioned. 

Dr. Fink: I think that one should do more surgery than one would ordinarily 
do in these cases. I should also like to stress the importance of doing it early, 
not to delay too long before one does this surgery. I think in some of these 
overcorrections a vertical defect may be a factor in producing the overeffect. I 
have had some experience of overcorrecting cases with nystagmus, and I now 
do less surgery. 

Dr. ScuLossMAN: I think that Dr. Brown has covered the subject very well. 
There is only one point on which I would take issue. He said that if the deviation 
for near in intermittent exotropia is less than 6A he does not operate. There 
are occasional patients in whom exotropia for distance is very large, causing a 
rather bad cosmetic blemish. I think that this type of patient should have the 
benefit of bilateral lateral rectus surgery, even though the near deviation may 
be slight or even nonexistent. Dr, Brown has had a lot of experience, and perhaps 
after producing overcorrection in several patients | may change my mind. 

Dr. CHAMLIN: Dr. Brown, would you say something on this point? 

Dr. Brown: In reference to Dr. Schlossman’s comments, | still maintain that 
I would not operate on a patient who has an exophoria at near of not more than 
64 in whom I cannot bring out more exophoria with 2+ spheres. In cases in 
which the exophoria at near is slightly over 6A, I would limit the recession 
of the lateral rectus muscles to 3 to 4 mm. 

Dr. CHAMLIN: You mentioned 3 mm, as the maximum recession; do you 
often do less than 3 mm? 

Dr. Brown: The maximum recession of 3 mm. of the medial rectus applies 
to children in the 2-year-old age group. If the patient is younger than 2 years, 
it is possible to do a 2.5 mm. recession, although I do not measure that accurately. 

Dr. CHamuin: Dr. Fink, will you discuss the newer techniques in muscle 
surgery! 

Dr. Fink: Superior Oblique.—1. For weakening the overaction of the superior 
oblique, the most satisfactory recently introduced technique, in my opinion, is the 
tenotomy as described by Berke. It is superior to the method in which the 
insertion of the inferior oblique is moved toward the trochlea, as advocated by 
some British surgeons. 

2. Operations for strengthening the superior oblique muscle: The superior 
oblique muscle may be strengthened by advancement (Wheeler, 1935), resection 
(McGuire, 1948), or tucking. For shortening the superior oblique the most 
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satisfactory technique, in my experience, is the tuck of the tendon adjacent to 
its insertion. As compared with the resection of the tendon, it is more controlled, 
causes less trauma, can be undone in case of an overeffect, and the possibility 
of a complete paralysis is less than may occur in a resection if the muscle pulls 
loose from its new position. 

Inferior Oblique.—\. The resection and advancement of the insertion of the 
inferior oblique as described by McLean seems to offer the greatest possibility 
of improving a defect resulting from an underacting inferior oblique. As in the 
case of underaction of the other extrinsic muscles, such an operation has limita- 
tions. It does not restore activity to the muscle, although it does place the eye 
in a more advantageous position. When used in conjunction with a weakening 
operation on its antagonist, it is helpful. It is superior to a resection, because the 
reinsertion of the cut tendon to the previous insertion is a difficult step and 
also there is a greater risk of injury of the foveal area. 

2. To weaken an overacting inferior oblique, the recession operation is the 
most satisfactory, in my hands. The result is more predictable, an overeffect can 
be corrected more easily, and the technique is not complicated. 

Vertical Recti—For strengthening the vertical recti where the underaction 
; pronounced, resection and advancement produce a better effect than resection 
alone. 

If trauma is minimized and the tendonous insertion is trimmed close to the 
globe, the muscle will not reattach to the old line of insertion, especially if the 
muscle sheath at this point is intact. A piece of Gelfilm can be inserted over the 
old insertion line. Ptosis may develop if the amount of surgery is excessive. 

In paralysis of the superior rectus it has been suggested that a very useful 
action results by transplantation of a 5 mm. wide central strip of the active 
levator palpebrae into the tendon of the superior rectus. 

In paralysis of the superior or inferior recti it is possible to improve the 
action of the muscle by transferring a portion of the lateral rectus muscle to the 
site of the vertical rectus, the other portion of the muscle being shifted above or 
below its original insertion, depending on which vertical rectus is affected. 

Horizontal Recti.—The tendon transfer in lateral rectus underaction as de- 
scribed by Hummelsheim is well known. 

Weiner described a method in which the paralyzed lateral rectus is split in 
two and each half is sutured to a vertical rectus. More abduction is claimed with 
this method. 

Hill described a technique for underaction of the medial rectus which offers 
ag possibilities. He advocates it in absence or paralysis of the medial rectus. 

he procedure consists of transferring the superior and inferior recti to the site 
of the medial rectus, The lateral rectus is recessed, 

Although muscle transference is not new in muscle surgery, we have as the 
result of recent work a better concept of the mechanism involved which explains 
the effect of the operation. 

Paralysis of the Third Nerve.—Transplanting the superior oblique to the 
insertion of the medial rectus has been done for some years. It has been suggested 
that additional effect is possible in these cases if some action is given to the 
superior and inferior recti by splitting the lateral rectus and attaching the upper 
half to the superior rectus and the lower half to the inferior rectus. 

Symmetrical surgery has been stressed by Costenbader. His results indicated 
that postoperative comitance is more frequently present when binocular simul- 
taneous symmetrical surgery has been performed. 

One of the big problems in muscle surgery is the tendency for scar tissue 
and adhesions to form. This is especially likely in surgery of the vertical muscles. 

The use of Gelfilm, in my experience, is helpful in reducing adhesions which 
may nullify or lessen the result. It is nonirritating and remains for several months. 
It is especially of value in vertical-muscle surgery. 

Dr. CHamiin: Dr. Krewson, what are some of the immediate and late com- 
plications of muscle surgery, and how do you cope with them? 
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Dr. Krewson: Anything can happen as a complication of muscle surgery, 
and if we do enough surgery sooner or later we are bound to meet with un- 
fortunate problems. Fortunately, it can be said that in general complications of 
muscle surgery are not common. : 

Some complications met with at the time of surgery or at the first dressing 
might be enumerated, the treatment of these being well known and_ perfectly 
obvious. Among these are corneal abrasions and tearing of the conjunctiva and 
of the capsule. Tearing of the tendon sheath or of the muscle fibers can lead 
to troublesome hemorrhage, and complete hemostasis must be obtained before final 
closure. Sutures can pull out of the sclera or of muscle fibers and, of course, 
must be reattached. It is possible to rupture the sclera when inserting sutures, 
or detaching a muscle, and the rupture must be repaired with suturing and 
diathermy. The opening of a vortex vein, or one of its branches, is probably 
best handled by coagulation. In opening Tenon’s capsule it is possible to obtain 
prolapse of orbital fat, and this must be remedied by excision of the fat and 
suture of the capsule. Adhesions between the recti, or between the lateral rectus 
and inferior oblique, especially, must be detected and severed by sharp dissection. 
Frank infection or suppurative tenonitis occasionally occurs, though rarely. This 
is generally due to faulty technique, but it can be due to contaminated gut sutures. 
In such instances, sutures must be removed and the resulting disturbance corrected 
subsequently. In closing the conjunctiva, it is possible for Tenon’s capsule to 
prolapse, or for one to obtain inadequate closure as a result of a loose suture or 
from tearing of the conjunctiva itself. Resuturing is usually necessary, although 
the conjunctiva will generally close itself, but the healing will be prolonged. 

Late complications can include development of adhesions with unexpected 
deviations, the reversion of an eye to the preoperative deviation, and such con- 
ditions as secondary divergence following surgery for convergence. All of these 
require additional surgery and are too involved to discuss in detail. Dr. Brown 
has already discussed the matter of overcorrection. The widening or the narrowing 
of a palpebral fissure, or actual development of ptosis following surgery on a 
superior rectus, generally requires appropriate operative correction. Excessive 
scar tissue with cystic or granulomatous development at the operative site can 
only be improved by excision and suture of the conjunctiva. Fortunately, post- 
operative diplopia is usually not of long duration and intractable diplopia is rarely 
encountered, I know of no satisfactory means of handling this later condition. 

Dr. Brown: One complication which sometimes follows surgery on the 
horizontal rectus muscles is extensive adhesions above and below the muscle. 
These adhesions, at times, limit the action of the muscle. I wonder how Dr. 
Krewson accounts for this, other than by surgical trauma. 

Dr. Krewson: I do not know how to explain adhesions (I wish I did), but 
some patients are more prone to the formation of adhesions than others, I 
suppose it is on the basis of trauma. The only thing we can do is to reoperate 
and resect the adhesions. 

Dr. Cuamuin: Dr. Schlossman, will you briefly evaluate orthoptic training 
in the treatment of strabismus? 

Dr. SCHLOSSMAN: Orthoptic training has great value in the treatment of the 
following conditions: 1. Amblyopia. This should not be limited to occlusion, but 
the patient should be taught to maintain fixation with his amblyopic eye. 2. 
Accommodative strabismus. Here the patient should learn to dissociate accommo- 
dation from convergence, so that he can maintain clear vision and keep his eyes 
straight without the use of glasses. 3. Convergence insufficiency. In this condi- 
‘tion the positive fusional amplitude, namely, convergence, should be improved. 
4. Preoperative and postoperative treatment. If some fusion is present, training 
is valuable both before and after surgery in order to consolidate and maintain a 
good functional result. 5. Special instances. An example of this type is the patient 
with well-controlled accommodative strabismus who begins to develop myopia. 
6. Heterophoria. 

Dr. Fink: Scobee made the statement that 50% of his cured patients did 
not have orthoptic training, whereas with those that did have it he got 80% cures. 
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Dr. Cuamun: Dr. Brown, will you describe the superior oblique tendon 
sheath syndrome and its treatment? 

Dr. Brown: The superior oblique tendon sheath syndrome is a congenital 
anomaly. A complete or near-complete paralysis of the inferior oblique, either 
unilateral or bilateral, with a coexisting short tendon sheath of the homolateral 
superior oblique, is always present. This syndrome has certain clinical character- 
istics by which it can be identified. There are six which can be mentioned. First, 
and most characteristic, there is a failure of elevation of the adducted eye above the 
midhorizontal plane when it is in full adduction. Second, there is a widening 
of the palpebral fissure on adduction. This is in contrast to the retraction syn- 
drome, in which there is a narrowing of the palpebral fissure on adduction. Third, 
there is little or no overaction of the direct antagonists to the affected inferior 
oblique, that is, the homolateral superior oblique. In the majority of these cases, 
there is no measurable vertical deviation in the field of maximum vertical action 
of the homolateral superior oblique. Fourth, there is little or no involvement 
of the homolateral superior rectus. This is evident by a near-normal muscle 
balance when the eyes are in upper oblique gaze to the side of the involved eye. 
Fifth, there is, on monocular or conjugate rotation of the involved eye in upward 
gaze, a limitation of elevation that follows a straight line from the midposition 
at the inner canthus to near full elevation in straight-up gaze. Sixth, there is 
either divergence or no change of the horizontal position of the eyes in straight-up 
gaze, This is in contrast to acquired paralysis of the inferior oblique, in which 
there is usually an increase toward an exodeviation in upward gaze. 

The superior oblique sheath syndrome can be verified by the traction test. This 
test is done by rotating the eye in the fully adducted position and, with forceps, 
passively elevating the eye in adduction. The traction test is positive when 
there is marked limitation of elevation, and characteristically, in these cases, the 
eye cannot be elevated with forceps to any greater degree than the patient can 
voluntarily elevate the eye. There are some atypical syndrome cases in which 
there is a paretic involvement of the homolateral superior rectus. 

The treatment of the superior oblique sheath syndrome cases will depend 
upon the functional and cosmetic defects which are present. Surgical treatment 
is not indicated in these syndrome cases in which there is no abnormal head 
position and fusion is present in lower gaze. If there is a backward head tilt, 
usually combined with a tilt to one shoulder, and a marked widening of the 
palpebral fissure on adduction, the sheath of the superior oblique can be severed 
(sheathotomy). This will render the traction test negative, and the patient will 
be able to adduct the eye without the occurrence of a disfiguring widening of the 
palpebral fissure. Very little improvement in elevation will be obtained by this 
procedure, The inferior oblique can be tucked at the same operation at which 
the sheath is severed. In the cases where there is no fusion or no possibility of 
fusion, the sheath and tendon can be severed. Good elevation in adduction results 
when both the sheath and tendon are severed, but at the expense of depression 
in adduction. In the atypical cases in which the superior rectus is involved, an 
operation on both the superior rectus and the sheath of the superior oblique can 
be done. In some of these cases the stretching of the superior oblique in its 
sheath between two muscle hooks has relieved the restriction to forceps elevation. 
After this procedure, a resection of the superior rectus has given good results. 
If there is a marked overaction of the homolateral inferior rectus, a recession of 
the inferior rectus could be done at the same operation. 

Dr. Fink: A British physician named Nutt reported about two dozen opéra- 
tions on this type of case, in which he did a tenotomy of the superior oblique and 
an advancement of the inferior oblique. Are you familiar with that? 

Dr. Brown: No. 

Dr. Fink: Have you used the electrode to determine whether or not the 
inferior oblique is really paralyzed? 

Dr. Brown: I have a case on which I am going to work with Dr. Breinin 
and try this, although he doesn’t know it yet. The patient is an adult who has a 
typical superior oblique tendon sheath syndrome. 
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Dr. Cuamuin: Dr. Fink, will you discuss the check mechanism of the extra- 
ocular muscles? What is its importance in surgery? 

Dr. Fink: Although our knowledge related to the check mechanism of the 
horizontal muscles is fairly well established, very little positive evidence is available 
as to the check mechanism associated with the vertical muscles. This is under- 
standable when one considers the greater complexity in the anatomic arrangement 
of the vertical muscles as compared with the horizontal muscles. 

The fascial structures which are chiefly responsible for check action of a 
vertical muscle are those directly associated with the vertical muscles. These may 
be divided into two groups: the fascia associated with the vertical muscles above 
the globe (superior rectus and superior oblique) and the fascia associated with 
the vertical muscles below the globe (inferior rectus and inferior oblique). 

The fascial sheaths and their expansions associated with the superior rectus 
and superior oblique tendon are fused together to form a continuous structure 
extending from the midpoint of the outer orbital rim to the midpoint of the 
medial orbital rim. It may be likened to a transverse fascial band extending across 
the orbit and may be referred to as the superior transverse fascial expansion. It 
is anchored securely to the periosteum of the orbital wall and has a limited 
amount of mobility. 

The fascial membranes associated with the inferior rectus and inferior oblique 
likewise form a transverse fascial band, which may be referred to as the inferior 
transverse fascial expansion and is commonly known as the ligament of Lockwood. 
This structure is made up of the fused fascial expansions of the fascial sheaths 
of the inferior oblique and the inferior rectus. 

When the globe is rotated downward, the superior transverse expansion 
moves forward and the inferior fascial expansion moves backward to an equal 
degree. The movement of the transverse expansion is reversed when the globe is 
rotated upward. 

There is a limit to the amount of movement of these structures. When a 
vertical muscle contracts, the two transverse expansions are put to an increasing 
degree of stretch in opposite direction. Eventually a point in the rotation of the 
globe is reached where the fascial expansions have reached the limit of their 
movement and further rotation of the globe in that direction is stopped. 

Other factors of less importance, such as the fusion to the fascia bulbi, also 
act to check the movement of the eye. 

1. Check mechanism of the superior rectus. Check action of the superior 
rectus therefore involves two major factors, namely, the fascial membranes 
associated with the superior rectus (superior transverse fascial expansion) and 
the fascial membranes associated with the inferior rectus (inferior transverse 
fascial expansion, or ligament of Lockwood). 

2. Fascial check mechanism, of the superior oblique muscle: Two factors 
are chiefly responsible for its check action. A major factor in the check action 
on the superior oblique is the fascial structure associated with the superior 
oblique reflected tendon. Another major factor in producing check action of 
the superior oblique muscle is dependent upon the fascial arrangement of its 
homolateral antagonist, the inferior oblique. 

3. Check mechanism of the inferior oblique muscle: As in the case of the 
superior oblique, a major factor in the check action of the inferior oblique in- 
volves the fascia which immediately surrounds it. Another important check action 
affecting the inferior oblique involves the fascial structures related to its homo- 
lateral antagonist, the superior oblique tendon. 

4. Check mechanism of the inferior rectus: As in the other vertical muscles, 
the fascial structure associated with this muscle is the primary factor and, in 
association with its direct antagonist, assists in the check action. 

In regard to the second question, the check mechanism is essential to co- 
ordinated ocular movement and the attaining of single binocular vision. 

Surgery of a muscle profoundly affects the action of its check mechanism 
and determines the final effect of the operation. 
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1. Too liberal severing of the fascia related to the muscle being operated on 
may create an excessive weakening of the restraining influence of the check 
mechanism. Such a lessening of the check action permits an excessive movement 
of the eye in the opposite direction and incomitancy. 

2. To merely recess a muscle without severing its fascial expansions greatly 
lessens the operative effect. 

3. The check mechanism is an especially important consideration if an abnormal 
state of the muscle exists, such as a contracture as seen in long-standing cases 
of strabismus or in fibrosis of the muscle. 

4. In muscle surgery do not needlessly mutilate the check mechanism. Cutting 
or disturbing check ligaments excessively results in a greater amount of scar 
tissue, leading to contracture. 

5. Excessive trauma or hemorrhage may create excessive scar tissue involving 
the fascia, which will distort the action of the check mechanism. 

6. The check mechanism is an important consideration in transferring a muscle 
as in the Hummelscheim operation. It is possible that the fascial sheaths which 
create the check action of the transferred muscle, which are not transferred with 
the muscle, remain in their original position and to a degree lessen the effect of 
the muscle transfer and continue to exert much of the original action of the muscle. 

7. In the case of the superior oblique an important function in the check action 
is its relation to its fascial sheath. If this sheath is excessively disturbed it affects 
the action of the superior oblique, causing it to overact. An excessive contraction 
of this sheath may limit not only the movement of the superior oblique but also 
that of the inferior oblique. 

8. The extensions of the membranous sheath covering the inferior oblique 
anterior to the sheath of the lateral rectus and posterior to the fascia surrounding 
the optic nerve are important. In doing a recession of the inferior oblique at its 
insertion, it is important to sever these fascial extensions. 

Dr. Brown: | became interested in the check mechanism of the oblique 
muscles in the sheath syndrome cases. Duane described the anterior sheath of the 
superior oblique as the check ligament for the inferior oblique, and the posterior 
sheath that extends from the trochlea back to the muscle as the check ligament 
for the superior oblique. I have talked to Dr. Fink about this, and he at that 
time felt that these structures were not the main check mechanisms of these 
muscles, 

Dr. Fink: I think they are one of the causes, but | think there is more to it 
than that. I agree with him on the main concept. 

Dr. CHAMLIN: Dr. Krewson, will you summarize the present-day concept 
of amblyopia and its relation to surgery? Then will you briefly discuss what 
criteria can be used to judge the amount and type of surgery needed to correct 
for cosmetic purposes the deviation of a blind divergent eye? 

Dr. Krewson: Amblyopia appears to be the consequence rather than the 
cause of strabismus. It is functional in nature and not due to an organic or 
anatomic defect. The seat of the disturbance is not known; it might be said, 
however, that possibly this is located in the retinal neurons, and it may be an 
extension of a disturbance of higher structures in the central nervous system. 
It is certain that in amblyopia there is an inhibition of the higher cortical function 
of pattern vision, with no impairment of the lower cortical function of light 
perception. The behavior of the amblyopic eye in dim light has been shown to 
be similar in some respects to that of the normal eye under dark adaptation. The 
significance of this and other observations is not yet clear. 

With relation to surgery, it might be said that an amblyopic eye has a small 
scotoma. The amblyoptic eye fixes eccentrically, and there appears to be a direct 
relationship between the depth of the amblyopia and the degree of eccentricity. 
That is, the more profound the amblyopia the greater is the shift away from the 
center, Other things being equal, therefore, the deeper the amblyopia, the greater 
amount of surgical correction required and the greater the difficulty in maintaining 
postoperative alignment. 
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From a practical point of view, it is my feeling that if a child is seen in 
infancy, before amblyopia has developed, early surgery might be regarded as an 
adjunct in the prevention of development of amblyopia. On the other hand, once 
amblyopia has been established, unless reasonably good vision has been regained, 
correction obtained by surgery will not be maintained and the patient will revert 
back toward the preoperative deviation. If amblyopia is very deep, with no 
possibility of improvement, and fixation is eccentric, in all probability surgery 
might be postponed until after the age of 12 or 15 in order to prevent, if possible, 
secondary divergence. 

To correct for cosmetic purposes the divergent deviation of a blind eye, I 
know of no fixed rule which can be followed. It has been my practice to recess 
the lateral rectus to the functional equator, that is, 3 or 4 mm. posterior to the 
anatomic equator of the globe. In addition, I do a wide resection of the medial 
rectus. If the forced duction test or clinical observation reveals contracture or 
overaction of an oblique, I have no hesitancy in detaching either the inferior or 
superior or both obliques. In this regard it might be mentioned that the inferior 
oblique has greater abducting power than does the superior oblique. If correc- 
tion is insufficient after these procedures, and frequently this is the case, I have 
done a marginal myectomy on the already recessed lateral rectus and have per- 
formed resection again on the medial rectus. Additional surgery can be performed 
on the fixing eye, but, in these cases, patient resistence to surgery on the non- 
deviating eye is generally encountered. I think it is well to warn the patient that 
more than one operation probably will be necessary, and it is well never to promise 
him too much in the way of a perfect result. However, since a blind divergent 
eye is very unsightly, these patients are generally very grateful for a reasonable 
improvement, although we as surgeons may be somewhat disappointed with our 
results. 

Dr. CHaMuin: Dr. Schlossman, will you discuss abnormal retinal corres pond- 
ence and its relation to eye muscle surgery? 

Dr. ScHLossMAN: Abnormal retinal correspondence develops only if a certain 
amount of binocular cooperation exists in the presence of suppression of the 
deviating eye. The fovea of one eye and an extrafoveal element of the other 
eye develop a common visual direction, giving rise to anomalous retinal cor- 
respondence. Surgery is the chief form of treatment in this condition. The 
ophthalmologist should plan the amount of recession or resection without con- 
sidering the presence of normal or abnormal correspondence. Surgery rarely con- 
verts a patient from abnormal to normal retinal correspondence. 
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Embryological Development of the Angle of the Anterior Chamber. Aska- 
HAM L. Kornzweic, M.D. 

When the lens sphere separates from its attachment to the surface ectoderm, 
a wave of mesodermal tissue from the surrounding paraxial mesoderm grows 
across the space between lens and surface ectoderm. This takes place at the 10 
mm, stage. This mesodermal tissue is later divided by a space which appears in 
its substance at about the 17 mm. stage into an anterior avascular mesoderm and 
a posterior vascular mesoderm, which is later to form the pupillary portion of 
the tunica vasculosa lentis. This space widens so that the architecture of an 
anterior chamber is indicated by the 25 mm, stage, at which period a vestigial 
cornea is present and the angle is indicated, although the iris has not yet appeared. 
During the third month the ectodermal layers of the iris have developed from 
the margins of the optic cup and are then growing anteriorly towards the lens. 
The mesodermal tissue that fills the angle differentiates into stromal iris tissue 
and trabecular tissue. As the eye enlarges, the iris continues to grow forward 
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and the angle deepens. This deepening can be best illustrated by noting the rela- 
tionship of the base of the angle to several fixed points, namely, Schlemm’s canal, 
the scleral spur, and the major arterial circle of the iris. At the beginning, all 
these structures are behind the base of the angle. Later, these structures come to 
lie partly in front and partly behind the base of the angle of the anterior chamber, 
until the final form is fully achieved. Atrophy or separation of the mesoderm 
at the base of the angle is essential for the normal flow of the aqueous in the 
anterior chamber through the trabeculae into Schlemm’s canal. 

A series of Kodachrome slides are presented showing the different stages 
in the development of the angle of the anterior chamber from the 10 mm. stage 
up to term, 


Anatomy of the Angle of the Anterior Chamber. Geratp B. Kara, M.D. 


In reviewing the literature of the past 50 years one finds much confusion 
regarding the anatomic landmarks and histologic components of the angle of 
the anterior chamber, Perhaps this was due to technical difficulties, such as inade- 
quate ‘nethods of preparation and staining of histologic specimens. Recent 
studies; using tangential sections, have added considerably to our knowledge of 
this vifal ocular structure. 

The angle of the anterior chamber may be said to include the trabeculum, 
the cattal of Schlemm, and the collector channels. The trabecular meshwork is 
subdiviced into its inner (uveal) and outer (corneoscleral) components. 

The uveal meshwork, which contains no elastic fibers, extends from Schwalbe’s 
ring, at the periphery of Descemet’s membrane, ranges beneath the scleral spur, 
and extends onto the longitudinal fibers of the ciliary muscle. Inner extensions 
of the uveal meshwork pass around the chamber angle to their attachments at 
the anterior iris root. The one or two lamellae which make up this region of the 
trabeculum are comprised of thin beams arranged in a single plane, to form 
irregular lacunae, which may be trapezoidal or rhomboid-shaped. The beams are 
of a collagenous core, with an outer covering of endothelial cells, which have 
large flattened nuclei and prominent nucleoli. 

The corneoscleral meshwork, on the other hand, is rich in elastic tissue, with 
its lamellae extending from Schwalbe’s ring and deeper corneal layers to the 
anterior scleral spur. Smaller segments may course posteriorly to attach to 
meridional fibers of the ciliary muscle. These lamellae, about 8 to 14 in number, 
are densely intermeshed medially and more widely separated peripherally, i. e., 
near the ciliary body. The broad flat beams comprising this meshwork anasto- 
mose freely; the spaces thus formed are oval, with the long axis running equa- 
torially, that is, parallel to the scleral spur. These openings are smaller and more 
uniform in appearance than their counterparts in the uveal meshwork. The 
collagenous and endothelial structure of the individual beams is similar to that 
in the uveal meshwork. 

While some authors claim histologic variations in the trabeculum with age, 
others find little correlation between age and appearance. 

A few words about the drainage system: By means of serial microscopic 
sections Theobald traced and reproduced the drainage system from the anterior 
chamber through the trabeculum and the canal of Schlemm. Draining the latter, 
she found, are four vascular plexuses: the conjunctival, episcleral, intrascleral, 
and deep scleral. The deep scleral plexus serves as the direct connection be- 
tween the canal of Schlemm and the collector channels. While the four plexuses 
do not anastomose freely with each other, there are numerous anastomoses of 
vessels within the individual layers. The external collector channels drain into 
the deep intrascleral plexus, branches of which anastomose with the episcleral 
veins to form the clinical aqueous veins, 

We are all familiar with Ashton’s classical studies, using Neoprene casts, 
wherein he disproved Friedenwald’s contention of the existence of afferent 
vessels to the canal of Schlemm. More recently, greater controversy and specula- 
tion have arisen regarding direct communications between the anterior chamber 
and Schlemm’s canal—the so-called endothelial-lined “canals of Sondermann.” 
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Flocks has stated flatly that these apertures are artifacts, since he was unable 
to demonstrate them in serial tangential sections. He suggests they may be 
mechanical ruptures in the single layer of endothelium separating the outermost 
lamellae of the corneoscleral meshwork and the inner wall of the canal of 
Schlemm. This tissue, with the resultant small openings, lp» to 2m in diameter, 
he has termed the “pore tissue.” On the other hand, Ashton’s studies have led 
him to accept Theobald’s findings, which essentially confirmed the presence of 
Sondermann’s canals. He suggests these openings may be in the form of tor- 
tuous pathways, “wandering irregularly and obliquely through the meshwork, 
like channels through a sponge.” I have no doubt that in the near future studies 
incorporating detailed dissection techniques and differential staining will settle 
this controversy one way or another. 

The above is a rather brief outline of known and some unknown facts con- 
cerning a relatively small but vital portion of the ocular apparatus. The angle of 


the anterior chamber remains an intriguing subject for further histologic re- 
search. 
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A Study of the Innervation of the Chamber Angle. Monve G. Hotianp, M.D.; 
LupwIc voN SALLMANN, M.D., AND ELEANOR M. Coins, Bethesda, Md. 


The innervation in the region of the chamber angle was studied in four 
classes of vertebrate eyes. The use of several silver-impregnation techniques, 
with serial sections on frozen and paraffin-embedded material, together with 
whole mounts of the anterior segment stained vitally with methylene blue, per- 
mitted a detailed examination of the origin, course, and termination of nerve 
fibers in this region. 

The innervation was shown to consist of a plexiform arrangement of delicate 


preterminal and terminal axons which were interwoven in different planes and 
ended as free axonal filaments. 


Axons terminating in this region originated from two systems of nerve 
fibers, the iridociliary plexus and the nerves which supply the cornea. 
Free nerve endings were shown beneath the endothelium of Schlemm’s canal 


and within the trabecular meshwork that forms the inner wall of Schlemm’s 
canal. 


In the human, monkey, rabbit, and chicken eyes no encapsulated or specialized 
nerve endings were observed in the area of the angle. In the chicken eye free 
nerve terminals were demonstrated in the adventitial wall of the sinus venosus 
sclerae. 

The histologic observations are discussed on the basis of the current concept 
of the relation of nerve endings to their function, and attention is directed to 


the possible role of nerve fibers and endings in the regulation of intraocular 
pressure. 
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Tumors of the Angle. A.cernon B. Reese, M.D. 


Practically speaking, primary tumors of the angle do not exist. The angle, 
though, is implicated secondarily by tumors which fall into four categories: 

1. Localized iris melanoma. When the question of local excision versus 
enucleation arises, the status of the angle in regard to tumor seeds is important, 
and also whether or not the tumor extends as far as or into the ciliary body. 
This latter point can sometimes be determined only by direct inspection. The 
presence in the angle of pigment dust in contrast to tumor seeds is no contra- 
indication to local excision. 

2. Ring melanoma. This is the nearest approach to a primary tumor in the 
angle, as this lesion spreads in the region of the major arterial circle at the junc- 
tion of the iris and ciliary body. 

3. Diffuse melanoma. This manifests itself first as an increased pigmenta- 
tion of the iris in contrast to the fellow iris. Glaucoma is an early sign, and 
frequently it is considered to be secondary to an iridocyclitis. With the gonio- 
scope, the presence of desquamated tumor cells in the angle is decisive. 

4. Melanoma primarily in the ciliary body with extension secondarily through 
the root of the iris to the angle. 

Lesions which may simulate tumors of the angle are the following: (a@) in- 
traepithelial cyst, (/) abortive or partial melanosis oculi whereby a quadrant 
of the iris shows the increased pigmentation—in such cases there are pigmented 
iris processes in the angle, (c) an encapsulated foreign body in the angle, (d) 
a granuloma from tuberculosis or sarcoid, (e) a sheet of desquamated pigment 
epithelium from the pupillary zone of the iris, 


The Angle in Glaucoma Surgery. Wiiis S. Knicuton, M.D. 


The important functional portion of the angle wall is the trabecular band 
sandwiched between the scleral spur and the ring of Schwalbe where Descemet’s 
membrane ends. If this area is not readily accessible, or if it is not functioning 
properly, the aqueous humor is dammed back and the intraocular pressure rises. 
Operation must therefore be directed at freeing the angle, in the first instance, 
and providing a better outflow, in the second. 

Closed-angle glaucoma and congenital glaucoma are the only two types of 
primary glaucoma in which the trabecular system is functioning normally but is 
blocked mechanically, 

In closed-angle glaucoma, the trabecular drainage pathways must be blocked 
by iris before there is an increase in tension. As soon as they are unblocked, 
the tension drops back to normal and tonography shows no resistance to outflow. 

Since blocking of the angle usually occurs as the result of higher pressure in 
the posterior chamber pushing the iris forward, the best insurance against re- 
newed attacks is an operation to establish free communication between the two 
chambers so that the pressure will remain equal on the two sides of the iris 
diaphragm. Even a small peripheral iridectomy will suffice, and it leaves the 
angle itself unaltered physically and physiologically, 

In some congenital glaucomas the trabecular zone is again embarrassed 
mechanically, this time by the presence of embryonic tissue. When this is 
scraped away, by Barkan’s method, it leaves an intact, free, and normally func- 
tioning angle. 

Secondary glaucomas may also be blocked by extraneous matter, lens, blood, 
exudate, etc. If this can be removed before organic changes take place, the 
angle is again restored to normal. 

Chronic simple glaucoma is another story. Here tonography shows a re- 
sistance to outflow (even with an open angle), indicating an obstruction in the 
outflow channels, somewhere between the trabecular zone and the episcleral 
recipient vessels. 

The operations to improve the outflow are therefore fistulizing, to establish 
external drainage of aqueous from the anterior chamber to the subconjunctival 
or suprachoroidal space. In all of these operations the anatomy of the angle is 
changed. 
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Goniopuncture makes a new fistulizing tract through the trabecular region 
to the outside subconjunctival area. The angle itself suffers little from the 
trauma, and the operation can be repeated. 

Iridencleisis requires extreme care in preparing the angle recess for drainage 
and in manipulating the iris tongue for inclusion. Only in this way can deforma- 
tion of the angle be held to a minimum. Even the best of care sometimes cannot 
avoid peripheral anterior synechias with further angle dysfunction. Each suc- 
cessive operation adds its own local adhesions, limiting the number of possible 
operations and adding to angle distortion. 

Trephination likewise requires respectful attention to minimize trauma. 
Even so, unavoidable complications may leave the angle too distorted for sub- 
sequent effective surgery. 

Cyclodialysis deliberately distorts the angle by making a visible open cleft. 
Fortunately, the attendant trauma need not be great, and the operation is often 
repeatable with fair expectancy of success, 

Some of these operations distort the angle more than others; all of them 
have their share of success, but all of them are liable to complications which may 
render the angle less than useful. 


The Management of Traumatic Lesions and Foreign Bodies of the Anterior 
Chamber Angle. Harvey E. Tuorpe, M.D., Pittsburgh. 

The author reported his personal experience with cases of injury and foreign 
bodies of the anterior chamber angle. 

Gonioscopy is invaluable in recognizing small, occult hemorrhages, exudates, 
small iridodialyses, peripheral iridoschises, cyclodialyses, and minute foreign 
bodies lodged in the angle of the anterior chamber. In former years the Koeppe 
gonioscopic contact lens and the Troncoso goniolens were employed by the writer. 
In recent years the Goldmann mirror contact lens and more recently the Allen- 
Thorpe four-mirror gonioprism have largely supplanted the Koeppe lens for 
use with the slit-lamp biomicroscope. In freshly perforated cases one may use 
the Lister gonioscopic contact lens or the loose four-mirror Allen-Thorpe gonio- 
prism for anterior chamber angle examination. 

Methods of diagnosis and medical and surgical treatment of blunt injuries, 


penetrating wounds, and foreign bodies of the angle were discussed in considerable 
detail by the speaker. 


Discussion 


Dr. Brirtain F. Payne: | feel particularly honored in being asked to present 
in five minutes a discussion of a monograph, a textbook, and a complete encyclo- 
pedia on foreign bodies. I was particularly impressed by the presentation of 
Dr. Kornzweig. For many years he has been interested in the development of 
the human eye. He has many beautiful specimens to demonstrate this develop- 
ment, and his sections, I think, show one thing conclusively: The angle of the 
iris does not develop until about the sixth or seventh month in utero. The iris 
at the 60 or 65 mm. stage (three months) is barely perceptible. There is no 
sign of Schlemm’s canal. There is, it is true, the mesoderm, of which Dr. 
Kornzweig speaks, in the iris angle. The anterior chamber by that time is fairl 
well defined, if you use your imagination. It is not a true anterior chamber until 
there is developed the real iris angle with the corneoscleral trabeculae and the 
drainage channel, the canal of Schlemm. 

In the interpretation Dr. Kornzweig has given us this evening he has dis- 
cussed so much that there is really very little that I can add, other than to give 
a picture of the iris angle at the time of birth. This section represents the stage 
in which all of us have a great interest but which we have neglected. We have 
not studied the iris angle from the time of birth up to the first year of life to 
any great extent. 

This specimen happens to be a section of a cyclops, for the specimen of which 
I am indebted to Dr. Boynton, of New York. It shows the iris angle to be about 
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normal for birth. The iris is not fully developed, and the iris angle is not well 
rounded out. 

This next specimen represents a case of retrolental fibroplasia a few months 
after birth, and it shows an undeveloped iris angle. However, in the presence 
of retrolental fibroplasia a normal iris angle would not be expected. 

I wish to congratulate Dr. Thorpe on his presentation here tonight. His 
encyclopedic knowledge of this subject of foreign bodies has given to us an 
appreciation of a great experience in this field. 1 do not know of anyone who 
has written or done more in this field than Dr. Thorpe. I, for one, was par- 
ticularly impressed in talking tc him tonight to learn that he was here as a 
student of the late Dr. George Dixon many years ago and actually made the 
diagrams of the apparatus and materials from the engineering standpoint, which 
had to do with the localization of foreign bodies. It has been a great experience 
for me to have seen so many excellent pictures shown here this evening. I am 
sure the members and guests feel the same way, 

We, in New York, at least up to recent times, have not been as fortunate in 
our care of foreign bodies as Dr. Thorpe. I project this slide to show a pene- 
trating wound with the remains of a foreign body lying in the anterior vitreous, 
which evidently was not very sterile, and then, a consequent abscess with 
endophthalmitis followed by enucleation of the globe. It seems to me that what- 
ever treatment—extraction, antibiotics, or sulfonamide drugs—is pursued, nothing 
will save such an infected eye. I do not believe that Dr. Thorpe means to leave 
the impression that antibiotics will always save infected eyes. If the foreign 
body really infects the interior of the globe with virulent organisms, the eye will be 
lost in most cases, and I should like to ask him if he will comment on this in his 
closing remarks. 

I was particularly impressed with his repair of the iris angle after rupture. 
If I remember correctly, I assisted Dr. Key in his monumental operation, and 
| remember the torture which Dr. Key and the rest of us underwent in the repair 
of the iris in that region. Dr. Key was probably one of the cleverest intraocular 
operators we ever had in New York, and he did a beautiful job in this instance, 
and the final visual result was 20/20. 

Dr. Thorpe showed us a better method of uniting torn irides to the internal 
sulcus. 

I have two minutes in which to discuss somewhat the presentation by Dr. 
Reese, I feel very humble in doing so, because I am a former pupil of Dr. 
Reese, and what little I know is attributable to him, Dr. Samuels, Dr. Theobald, 
and others, Dr. Reese has presented a textbook description on tumors of the 
angle of the iris, in spite of his denial of their existence. There are some instances 
in which we have secondary tumors of the iris angle, especially metastatic lesions. 
One of these was first recognized and reported here at the Residents’ Meeting 
last May by Dr. Robert Reardon, of Lenox Hill Hospital, New York. The 
lesion was first seen in the eye as an angle tumor, and this slide shows it. The 
neoplasm was primary in the liver, epithelial in origin, and the first view of this 
lesion was in the iris angle. However, after the child died, and an autopsy was 
performed, we found that it had extended all the way back to the optic nerve. 

A melanotic tumor in the region of the angle of the iris, which is not one 
of the angle at all, but is a proliferation within the ciliary body with the iris 
eroded and pushed to one side, is presented. This further confirms the thesis 
of Dr. Reese. The section Dr. Reese showed, in which there was a questionable 
melanosis of the anterior surface of the iris, may have been due to the pressure 
exerted by the interepithelial cyst, which was connected posteriorly with the 
ciliary processes and the iris. 

Another section of a tumor, although primary in the iris, shows involvement 
near the iris angle. 


A clinical photograph is shown to illustrate a malignant melanoma which has 
caused an iridodialysis. This is almost the clinical picture of the microscopic 
slide which Dr. Reese showed. 
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Dr. ApotpH Posner: First, I should like to congratulate Dr. Givner, our 
Chairman, for this excellent program, which presents in a well-rounded manner 
one phase of ophthalmology. We are becoming more and more specialized, and 
tonight we have limited ourselves to the angle. I have gone even a bit further 
in specialization, because when anyone asks me how | examine the lateral angle 
I say, “I just don’t; as a rule I limit myself to the inferior angle.” 

I am very sorry that Dr. Knighton could not be here tonight. His beautifully 
written paper was excellently presented by Dr. Merriam. It demonstrates to 
me that the angle is getting to play less and less of a role in glaucoma surgery, 
while it has gained in importance in the diagnosis of glaucoma. In glaucoma 
surgery we are not actually concerned with the angle. In angle-closure glaucoma 
we are concerned with the entrance to the angle, often visible with the slit lamp 
without the gonioscope. We try to create a communication between the posterior 
and anterior chambers. In single glaucoma we assume that the angle is not 
functioning, and we try to circumvent the angle by creating a fistula, either 
external, as in iridencleisis, or internal, as in cyclodialysis. We no longer believe, 
as we did formerly, that an iridectomy must be basal in order to open the angle. 
We know today that the more surgery we perform on the angle the more scarring 
we get and the less patent that region will be; in doing iridectomies, we now 
try to make them as small and as atraumatic as possible. : 

| should like to comment on Dr. Knighton’s reference to Chandler’s concept 
of relative pupillary block as a cause of angle-closure glaucoma. Between the 
posterior and anterior chambers there exists a pressure difference, but it is very 
small and not enough to produce an iris bombé. If it were true that pupillary 
block is a factor in angle closure glaucoma, then a peripheral coloboma should 
be effective, no matter whether it is close to the angle or near the pupillary margin. 
We know, however—and Curran knew it in 1920—that a peripheral iridectomy, 
or iridotomy, fails if it does not include the most peripheral part of the iris, 
where angle closure takes place. Here is a case in point: [slide] This man had 
angle closure glaucoma, asymptomatic, with tension in the 40's. Two of his 
sisters had been operated on successfully for angle-closure glaucoma by the late 
Dr. Mark J. Schoenberg, many years ago. Right after the operation I instilled 
a drop of atropine, which I used to do occasionally but have not done since. 
The pupil dilated, and the tension rose. Within two days the tension was 46 mm. 
I examined him with the gonioscope, and found that a thick, fleshy iris root had 
been left intact and was blocking the angle. Usually the root of the iris is thin 
and strips right off. In this case it was thick and had to be cut, and I did not 
cut it far enough peripherally. I instilled isoflurophate, and as the tension was 
dropping the artist made this drawing. You can see that the angle is beginning to 
open at one point. The rest of the angle is still closed, and you can see that there 
is contact between the two walls of the angle. The second picture was made 24 
hours later and shows the angle open after the tension had dropped to 20 mm. 
I still have to use pilocarpine in order to keep the iris away from the anterior 
wall of the angle. If pupillary block had been the cause of the glaucoma, then 
why should it matter that a peripheral piece of iris was left intact? 

In regard to Dr. Kara’s paper I should like to say that some very beautiful 
work on the anatomy of the angle was published by Maggiore in 1919 and by 
Salzmann even before that. Dr. Theobald’s researches have added greatly to our 
knowledge of the histoanatomy of the drainage channels. In my institution, the 
Manhattan Eye, Ear and Throat Hospital, as you all know, Teng, who is now 
in London, together with Paton and Katzin, has done some excellent histologic 
studies on the anatomy of the drainage channels, not only in normal eyes but 
also in glaucoma. They have shown that in senile eyes as well as in glaucoma 
there is collagenous degeneration of the trabecular fibers, as well as Schlemm’s 
canal and the collector channels. 

In regard to Dr. Holland’s paper all I can say is that I admire the beautiful 
work and the painstaking attention to details which it demonstrates. I should 
like to ask Dr, Holland what he thinks of the work of Vrabec in which he dem- 
onstrated the presence of tactile corpuscles in the trabecular meshwork. This 
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is very interesting to me, because it may explain how the intraocular pressure 
can be regulated through nerve fibers and how one eye can affect the other eye, 
which we know to be a clinical fact when we do tonographies. 

In conclusion, I should like to call your attention to the gonioscopic appearance 
of the normal and glaucomatous angles and to point out that the structures of the 
angle can be very easily identified. To make the diagnosis of angle-closure 
glaucoma you must be able to recognize two landmarks: the line of Schwalbe 
and the scleral spur. Between these landmarks are the trabeculae. Only the pos- 
terior two-thirds of the trabeculae actually function as a drainge channel, because 
that is where the canal of Schlemm is situated. If the scleral spur is not visible 
you are not sure that you see the entire trabecular band. If only the anterior 
third of the trabeculae is visible, it is not inconsistent with the diagnosis of angle- 
closure glaucoma. This slide shows gonioscopically a wide angle, while in this slide 
you see how the angle looks when it is very narrow. This angle is open. In order 
to differentiate an open angle from a closed one, we must use a very narrow slit- 
lamp beam. The parallactic displacement between the focal line on the iris and 
the focal line on the anterior wall of the angle gives evidence that the angle is open. 

Here [slide] is an even narrower angle in a glaucomatous eye. This angle, 
too, is open and the tension may be quite normal. 

In this slide, which is very similar to the previous one, but in which there is 
no parallactic displacement, the angle is definitely closed. After an attack of 
angle-closure glaucoma subsides, part of the angle will be open and part may still 
remain closed, as you see here [slide]. This does not necessarily mean that the 
tension is abnormally elevated, because aqueous may still seep behind the synechiae 
and drain through the trabecular meshwork. Moreover, if half the circumference 
of the angle is open you may still have a normal tension. 

To conclude, I want to show two pictures taken from a paper of Ernst Fuchs, 
published in 1884 in von Graefes Archiv fiir Ophthalmologie. The first is that 
of a normal angle, shown for comparison. The next picture shows the angle of a 
woman who died of pneumonia in 1879 and who seven years previously had had a 
successful iridectomy performed for acute glaucoma. You see how the ciliary 
body is turned anteriorly. Modern drawings of angle-closure glaucoma frequent 
show an atrophied ciliary body. Actually, the ciliary muscle is very well devel . 
especially in hyperopes, but it is rotated so that it faces forward, as you see here, 
instead of toward the pupil, as in the normal eye. As a result, the root of the 
iris lies almost in an anteroposterior plane. The iris then makes a sharp turn 
and proceeds in a frontal plane. The angle thys formed projects against a promi- 
nent line of Schwalbe (which is the end of Descemet’s membrane). This is the 
zone where angle closure begins, and this is where you have to perform the iridec- 
tomy. If, instead, you cut out a piece of iris nearer to the pupil, the patient will 
continue to have glaucoma. 

Dr. Monte G. Hoiitanp: In regard to Dr. Posner’s question about Dr. 
Vrabec’s studies: He studied the angle of four vertebrate eyes, viz., the carp, 
deer, goose, and human. In the goose eye he found an Herbst corpuscle in the 
trabecular region which appears morphologically similar to a Pacinian corpuscle 
and is presumed to have the same function. It should be pointed out that, of the 
four vertebrate eyes examined, it was observed only in the goose and presumably 
only in a single eye. Vrabec has not published additional evidence for the presence 
of specialized sensory endings in this area. 

The present study comprises a part of the search for receptors and effectors 
mediating possible central nervous influences on aqueous outflow and aqueous 
formation. In this work, no specialized “neural end-organs” were observed in 
the region of angle in the vertebrate eyes examined. It should be pointed out 
that serial sections and several silver impregnating techniques were used, as 
well as specialized neurohistologic methods such as methylene blue vital staining 
utilizing whole mounts of bisected eyes. 

The results of this study show that the innervation of this region is repre- 
sented by a plexiform arrangement of delicate preterminal and terminal axons 
which terminate as free axonal filaments. In the presentation it was mentioned 
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that the absence of specialized endings or neural “end-organs” does by no means 
preclude the possibility that neural influences are involved in regulating the out- 
flow of aqueous humor. Current knowledge indicates that free nerve endings, 
in every respect similar to those described, are sufficient for this purpose, since 
they are known to mediate a variety of “modalities”; also, in well-known pressure 
receptor areas (e. g., carotid bodies, great veins, aortic arch, etc.) only free 
nerve endings are present in a plexiform arrangement similar to that of the 
trabecular innervation. 

Dr. Harvey E. Torre: I want to thank the discussers for their courtesy 
and for the many things I learned from their comments. 

There was a question by Dr. Brittain Payne with reference to the control of 
infections: If certain organisms get in, how can we control them? The immediate 
management of intraocular infection is often rather empiric. One proceeds with 
antibacterial measures while awaiting the results of cultures and antibiotic bac- 
terial sensitivity tests. It is important to consider all ocular penetrating wounds 
as potentially infected. 

Penicillin has generally proven to be the best antibiotic for Gram-positive 
organisms. We administer penicillin parenterally, sulfadiazine orally, and also 
chloramphenicol as a broad-spectrum antibacterial. They should all be given in 
large dosage to be effective. One should not delay antibiotic treatment until the 
organism is isolated and the results of sensitivity tests become available. Cultures 
made from the conjunctival sac may be misleading in the sense that bacteria 
isolated from the conjunctiva are not necessarily indicative of the offending 
organism that may have entered the eyeball. On a number of occasions we have 
extracted intraocular foreign bodies and have found the offending particle to 
be surrounded by pus. Cultures from the purulent foreign-body jacket were often 
different from conjunctival microorganisms. It is therefore advisable to remove 
the intraocular foreign body soon after its entry into the globe. It is important 
to take the immediate prophylactic measure against infection as previously 
mentioned. 

The worst cases of intraocular infection are those which occur on farms, to 
workers who repair farm implements in barn environments. It is advisable to 
administer tetanus and gas bacillus antitoxin in such injury cases, with due 
precautions against serum sensitivity. 

Aqueous penicillin should also be administered subconjunctivally. My ex- 
perience with penicillin injections into the vitreous has been disappointing. I 
have never seen it save the sight of an infected eye. Von Sallmann, experiment- 
ing with rabbits, estimated the safe maximum dosage for an intraocular injection 
of aqueous penicillin to be 1500 units. Chloramphenicol has been shown by 
Leopold and co-workers to enter the aqueous more readily than some other 
broad-spectrum antibiotics. It should be used in large dosage (2 to 3 gm. as the 
initial dose and 500 mg. every six hours thereafter). Foreign-protein therapy 
is also advisable, either in the form of 10 cc. intramuscular milk injection or 
intravenous administration of typhoid. Extreme care must be taken with intra- 
venous typhoid. It may be lethal if not used carefully. 

The prognosis is guarded for blunt injuries of the chamber angle associated 
with extensive hemorrhage or with damage to the retina or the crystalline. Prog- 
nosis is fairly good for cases of foreign bodies in the chamber angle. In the 
presence of severe inflammation conjunctival chemosis and hypopyon, the outlook 
is guarded to grave. In general, one must be guided in treatment and outlook 
by the extent of anatomic and functional damage, as well as the complications 
that may ensue. 
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News and Comment 


GENERAL NEWS 


Two New Departments for Sibley Hospital.—Dr. John M. Orem, presi- 
dent of Board of Trustees of Sibley Memorial Hospital, Washington, D. C., 
announced establishment of two new departments for the proposed new Sibley 
Hospital for which a $1,500,000 fund drive is now under way. 


The two new units, not originally contemplated in building plans, are a De- 
partment of Ophthalmology, under Dr. William M. Hart, of Bethesda, Md., and a 
Department of Psychiatry, under Dr, Zigmond M. Lebensohn, of Washington. 

Sibley Memorial Hospital, which will be a 350-bed hospital and has become an 
integral part of The American University, at Nebraska and Massachusetts 
Avenues, will design the entire seventh floor of its new building for the two 
projected units. 

Dr. Hart said that his eye-treatment section will have 30 beds, plus a clinic 
for outpatients. The arrangement will make possible a training program for eye 
surgeons, he added, 

Dr. Lebensohn’s unit will have 28 beds, according to present plans. The 
practicing psychiatrist, a former Navy medical officer, said that he hopes to offer 
special treatment for adolescents’ problems and pastoral training in psychiatry for 
local clergymen. 

Dr. Hart, an associate professor at Georgetown University and consultant 


in ophthalmology at Walter Reed Army Institute of Research, lives in Springfield, 
Va., although most of his work is in Bethesda. 


ANNOUNCEMENTS 


Wayne University Postgraduate Course.-The Department of Ophthal- 
mology of Wayne University College of Medicine will give nine months’ training 
in basic ophthalmology beginning Sept. 9, 1957. 

Six mornings a week are spent in lectures and laboratories. Each afternoon 
students are assigned to eye clinics of affiliated hospitals. A fundus clinic is held 
weekly ; also, one on muscles. 

Students are given 120 hours of training in physiologic optics, 122 hours in 
histology and pathology, 60 hours in biochemistry, 40 hours in neuroanatomy, and 
other subjects, 

Tuition is $300. Brochures on the basic science course will be mailed upon 
request. For further information write to Dr. A. D. Ruedemann, Chairman, 
Department of Ophthalmology, 690 Mullett St., Detroit, 26, 
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A.M. A. Scientific Exhibits 1956. Sponsored by Council on Scientific As- 
sembly, American Medical Association. Price, $10.00. Pp. 411, with numerous 
illustrations. Grune and Stratton, Inc., 381 4th Ave., New York 16, 1956. 

While the exhibits of the A. M.A. Annual Meeting form one of the most 
valuable features for the visitors to the meeting, it cannot be said that this 
volume in any way is a satisfactory substitute for a visit to the exhibit itself. It is 
understandable that exhibits present almost unsurmountable difficulties to publica- 
tion in book form. There is absolutely no uniformity in the illustrations as they 
are provided to the publisher, and in their present form the printed reproductions 
are useless. Even the wording ranges from type which is entirely illegible, unless 
one uses a magnifying glass, to billboard-size type which almost jumps out of the 
book. Ironically enough, the worst example of this occurs in the section on the 
ophthalmological exhibits. Unless the material from these exhibits can be changed 
for future editions, it is hard to understand why anyone would invest in these 
volumes. 


The Head and Neck in Roentgen Diagnosis. By Eugene P. Pendergrass, 
J. Parsons Schaeffer, and Philip J. Hodes. Price, $37.50. Pp. 1759, with 
illustrations. Charles C Thomas, Publisher, 301 E, Lawrence Ave., Spring- 
field, Ill., 1956. 

The second edition of this very valuable and authoritative text on the roentgeno- 
logical diagnosis of pathological conditions affecting the head and neck has been 
considerably enlarged and brought up to date. The second edition appears in two 
volumes, with a changed format, and a complete index of the subject matter is 
printed in each of the two volumes. 

The chapters on the lacrimal passageways and the eye and the orbit will be of 
great interest to ophthalmologists. Methods of localization of foreign bodies are 
given in detail. The use of oxygen injected into Tenon’s capsule is described, 
and various methods for obtaining x-ray images of the anterior portion of the 
eyeball, free of superimposed bone, and of the detection of small intraocular 
glass fragments are given. Intraocular calcification and ossification are considered. 
Dermoids and epidermoids of the orbit, retinoblastoma, arteriovenous aneurysm, 
meningiomas of the optic foramen, and liposarcomas are all considered from the 
radiological point of view. The chapter on cerebral angiography is particularly 
valuable. 

These two volumes should be in the library of every hospital having a well-run 
eye service. 


The Labyrinth. By Joseph Fischer. Price, $6.00. Pp. 206, with 30 illustra- 
tions. Grune & Stratton, Inc., 381 4th Ave., New York 16, 1956. 

The main portion of this book, dealing with functional testing of the labyrinth, 
will interest chiefly otolaryngologists, but every ophthalmologist should have a 
reasonable understanding of the physiology of the labyrinth and its derangements. 
The author’s approach to his subject has been largely physiological, and the first 
26 pages deal entirely with physiology. There are other sections of the book 
which relate directly to ophthalmological problems, such as end-position nystagmus, 
conjugate paresis, and conjugate deviations, convergence spasm, labyrinthine 
strabismus, and optokinetic nystagmus. 

The Merck Manual. Edited by Charles E. Lyght. Ninth edition. 
$6.75. Pp. 1870. Merck & Co., Inc., Rahway, N. J., 1956. 
This little manual of 1870 finely printed pages on good India paper fulfills 


many needs for the busy physician. The section on the eye is over 50 pages, and 
contains a condensed account of most of the commoner conditions which the 


Price, 
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general physician will be called on to treat. The material has been kept up to 
date—glaucoma, for example, being divided into the narrow angle, or obstructed 
angle, type and the open angle type. At the end of each section is a collection 
of various medicaments arranged according to their field of action and listed as 


prescriptions, with directions to the patient for use. It is a handy book to have 
around the office for quick reference. 


An Atlas of Diseases of the Eye. Compiled by E. S. Perkins and Peter 
— Price, $10.00. Little, Brown & Company, 34 Beacon St., Boston 6, 
1957, 

Anyone who has had medical students to teach knows how difficult it is to 
obtain patients with the commoner inflammatory diseases of the eyes and adnexa at 
the time of teaching rounds. Few patients with nage neni! lesions of the lids 
and conjunctiva come to the eye dispensary these days, since the general physician, 
who sees them first, cures them with antibiotics, and yet these are just the cases 
that the medical student should be shown and told how to treat. 

This beautiful atlas will go a long way toward solving this problem, as the 
vast majority of diseases depicted are those which the general physician will see. 
The illustrations, all of them in color, are excellent, and each is accompanied by a 
short descriptive paragraph. The illustrations of external diseases are largely 
photographs, while the majority of the fundus lesions pictures are paintings. This 
is as it should be, since fundus photographs have not yet reached the state of 
perfection which enables an inexperienced observer to see the details which are 
of paramount importance. All of these pictures could easily be rephotographed 
was Kodachrome film and made up into slides for teaching purposes, after permis- 
sion has been obtained from the authors and the publisher, and they would be a 
valuable backlog to fill in whenever clinical material is not readily available. 

The book is beautifully printed, and the publishers are to be congratulated on 
doing such a beautiful atlas. A relatively low cost has been made possible by the 
generosity and public spirit of the firm of Roche Products, Ltd., one of the large 
English pharmaceutical firms. As Sir Stewart Duke-Elder says in his foreword, 
“The subsidy of an atlas of this type by Roche Products, Ltd., so that it may 
become available to the profession at about one tenth of its cost price, is a novel 
contribution to the dissemination of knowledge. For this, and insofar as the atlas 
may aid in the treatment of our patient, we are grateful to them.” 


Children's Eye Problems. I}y Emanuel Krimsky, M.D. Price, $7.50. Pp. 
175. Grune & Stratton, Inc., 381 4th Ave., New York 16, 1956. 


The aim of this book is stated “to provide the pediatrician and the general 
practitioner with a practical, usable guide to the understanding of children’s eye 
problems and, at the same time, to present to the ophthalmologist a plan for dealing 
with the child as a whole by emphasizing environmental, psychologic, hereditary 
and systemic influences.” This comprehensive and worthy goal is difficult to attain 
within the space of 175 pages. Apparently in an effort to cover a broad field, the 
author has given very few specific and practical details which might be of use in 
the management of children’s eye problems, 

The techniques for examination of the eye seem inadequate, even for a pedia- 
trician, for example, in recommending ophthalmoscopy at a distance of 1 ft. from 
the eye to detect the presence or absence of a red reflex. Almost one page is spent 
on the measurement of the height of papilledema, without any discussion of other 
features considered by many to be of more importance in the diagnosis of early 
papilledema. In discussing congenital glaucoma, the author states, “Digital pal- 
pation of the eyeball to measure tenseness is often preferred to instrument methods 
which yield unsatisfactory readings and require extra care lest the cornea become 
ulcerated from trauma by the instrument.” 

In diagnosis, considerable space is rightly taken in the discussion of “cross 
eye,” which has been of major interest to the author, and the illustrations are 
good. Relatively little time is given to uveitis, fundus lesions, and non-neurological 
conditions affecting the eye, such as juvenile diabetes and febrile illnesses. In 
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many instances differential diagnosis consists of the listing of many diverse condi- 
tions, including highly specialized ophthalmological terms with few helpful descrip- 
tions to aid in the differentiation, 

The book does not seem to be intended for use in treatment but rather to 
introduce the pediatrician to ocular disorders in children. Some of the recommen- 
dations which are given do not include more recent agents, such as the newer 
and more specific antibiotics, e. g. (instead of penicillin systemically for Koch- 
Weeks conjunctivitis), antituberculosis drugs, antitoxoplasmosis drugs, ete. 
Well-accepted surgical procedures are hardly mentioned for such conditions as 
ptosis and dacryocystitis of infancy and childhood, and perhaps the author is 
unduly pessimistic about the outcome of other surgical procedures in children 
except in the case of convergent strabismus, in discussion of which he states that 
the parents can be assured “that the operation is harmless, that the eyes will 
probably be improved, certainly not made worse.” 

Perhaps the most disturbing thing about this book are numerous statements, 
to which the reviewer, at least, takes exception, as illustrated in the following 
quotations: “Possible causes [ptosis or drooping of the upper lid] include: 
paralysis of the facial nerve’; “massaging the lids with irritating yellow oxide 
of mercury in strength as high as 1% has been a common practice (for marginal 
blepharitis),” and instead of this, the author recommends as part of his treatment 
“careful application of 5% silver nitrate solution to the lid margins,” and “use 
of cortisone eye ointment”; subconjunctival hemorrhages “may also result from 
malignant hypertension” (presumably in children) ; following injury to the con- 
junctiva, “the fear of complicating local infection is remote, especially with the 
preventive administration of tetanus antitoxin, penicillin injections, and the local 
use of cortisone”; “microcornea may be a benign anomaly, or may be the fore- 
runner of infantile glaucoma”; “the iris proper consists of a pigment layer in 
front . . . the muscles of the iris are deftly concealed behind the anterior pigment 
layer”; “because the reason for this type of cataract [rubellar] is already estab- 
lished, it can no longer be classed as strictly congenital”; in monocular aphakia 
in children, “it merely means that the eye is a reserve eye which can be made to 
see at any time an eyeglass is prescribed” (nothing mentioned about amblyopia 
ex anopsia) ; concerning the physiology of vision, “in the brief fraction of a second 
the image is returned [from the brain center] to the eye along the same nerve fibers 
in the optic nerve and then projected into space as a beautiful colored image of 
natural size’; included in the treatment of virus infections of the cornea is 
“prescribing eyedrops which might counteract the offending virus, such as corti- 
sone” and the statement, “penicillin injections are often inert against virus 
infections” ; “a measure often successful for corneal infections is the local instilla- 
tion of cortisone eyedrops, usually every hour, and continued for a few days. The 
results are often dramatic and occur within a few days. Failure of cortisone to 
help the corneal condition often suggests herpes simplex especially when there is 
also a ‘fever blister’ on the lips, or suspicious herpetic lesions in the mouth, the 
gums, the palate, the vagina and other parts of the body” ; after perforating injuries 
of the eye, the danger of sympathetic inflammation is pointed out, and “such 
intensive treatment includes observance of the same measures as noted under care 
of virus infections of the cornea” (nothing stated about early enucleation of the 
injured eye as prophylaxis) ; “damage to the ocular muscles [superior and inferior 
obliques] is a frequent hazard on the golf course. Golf ball injuries may also 
produce rupture of the eyeball or acid burns from the acid fluid contents when the 
golf ball is shattered”; “treatment is usually inadvisable in congenital cross eye”; 
in monocular esotropia with amblyopia ex anopsia, “though sight may in rare 
instances be improved by forcing the child to wear an eye patch, more often the 
eye reverts to its original state after the patch is removed.” “This visual 
enslavement is a nerve-wracking procedure for both mother and child. It is 
questionable whether the conditions for successful occlusion of an eye can be care- 
fully observed” (the author recommends atropine occlusion) ; “injection of hot 
or cold water into the external auditory meatus . . . nystagmus is observed with 
the quick component in the direction of the ear that is irrigated.” 
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The author has done well in pointing out the probable lack of value of eye 
exercises to correct myopia and the undesirability of sharp restriction of the 
visual activities of a young myope in a vain effort to slow down progression. 
The section on fusion training in strabismus is well done. 

Although the stated aim of this book is excellent, the reviewer feels that it does 
not attain its objective, that there is insufficient detailed information to be of 


practical use, and that some of the statements might be misinterpreted by the 
nonophthalmologist reader. 


Physiology of the Ocular and Cerebrospinal Fluids. By Hugh Davson. Price, 
$14.00. Pp 388, with 109 illustrations. Little, Brown & Company, 34 Beacon 
St., Boston 6, 1956. 


In recent years so much progress has been made in our understanding of 
aqueous humor formation and composition that many workers in the field as 
well as students of ophthalmology have felt a need for a textbook covering 
recent advances and concepts. Dr. Davson has carried out extensive experimental 
work on this subject over a period of many years and is well qualified for the 
task of compiling an authoritative review. 

The present volume presents a well-written expansion of a series of papers. 
In a lucid and persuasive fashion, the data, theories, and conclusions of the 
author are reiterated. Even on some of the most complex aspects of the subject 
matter, the book reads easily and convincingly. It is particularly unfortunate, there- 
fore, that, as the author admits, “the presentation of the facts has been strongly 
colored by my own point of view.” The exclusion or distortion of important 
work of others results in a book which fails to fulfill the need for an up-to-date 
and comprehensive text on this subject matter. Furthermore, the author’s stated 
desire to produce an “introduction” which “lays bare a problem” has not been 
accomplished. 

The first part of the book presents a summary of the pertinent anatomical 
relationships concerned with the aqueous humor and cerebrospinal fluid. There is 
very little reference in subsequent chapters to this information. The second 
section is concerned with the composition of the aqueous humor and cerebrospinal 
fluid and speculation as to mechanisms of their formation. Last, there is a 
discussion of considerations of pressures in the eye and cerebrospinal system. 

The author has obviously spent much time and effort in compiling a long 
bibliography. Although this bibliography is a valuable contribution as a reference 
source, it would have proved of much greater usefulness if it also contained the 
many references to significant contributions in conflict with the views of the author. 

The author’s mathematical formulation for aqueous humor dynamic is repeated 
and expanded, with no mention made of criticisms of it by others. Supposition as 
to the composition of the posterior chamber aqueous humor is used without 
reference to the available results of detailed posterior chamber analyses. The 
important theoretical considerations of Friedenwald and Kinsey are disregarded 
without mention or are relegated to such footnotes as “I have too little sympathy 
for the highly speculative reasoning displayed by this author.” 

The casual reader will have great difficulty in distinguishing between facts 
derived from the basic work of others and the contributions and speculations of 
Dr. Davson. As one misguided student who accepted the views presented in this 
book commented, “the opposition of so many prominent workers in the field must 
have made it most difficult for Davson to convince ophthalmologists that the 
aqueous humor was a secretory product!’ The gross inaccuracy of this impression 
was readily revealed by reference to suitable literature. The numerous footnotes 
are perhaps an attempt to correct or rationalize the serious omissions, Un- 
fortunately, they serve to bury some important contributions in small print or to 
present unnecessary personal attacks on other workers. For example, in spite of 
current thinking and usage in anesthesiology, the author states, concerning the 
experimental use of curare in animals, “such brutality, however, is forbidden by 
law in the present author’s country, and even if it were not, I trust that common 
decency would prevent it.” 
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To the informed worker in this field, this book has little to offer except as a 
summary of Davson’s data and views. It should have little appeal to the ophthal- 
mologist from a clinical point of view. However, the text may be of limited value 
to the student in the basic sciences of ophthalmology, provided that its inadequacies 
are appreciated and amplified by the instructor. One must emphasize that this is 
not an “exhaustive review” of the history or an adequate evaluation of the present 
status of the subject. Perhaps the deficiencies of the book will serve as a stimulus 
for the production of a much-needed text which adequately deals with the avail- 
able facts and current concepts of the physiology of the ocular fluids. 


Current Therapy 1957. Edited by Howard Conn, M.D. Price, $11.00. Pp. 
oa W. B. Saunders Company, 218 W. Washington Sq., Philadelphia 3 
This is the ninth volume in the series issued each year covering the recent 
developments in therapy in general medicine. The only section dealing with 
opthalmology specifically is on neuritis, optic and retrobulbar, by Max Fein, The 
book continues to be a useful review of current treatment. 


Transactions of the Pacific Coast Oto-Ophthalmological Society, Vol. 37. 
Price, not given. Pp, 396. Dr. C. Allen Dickey, 450 Sutter St., San 
Francisco, 1956, 

The 40th Annual Meeting of the Pacific Coast Oto-Ophthalmological Society 
was held in Phoenix, Ariz., April 15 to 19, 1956. The following papers were 
presented dealing with ophthalmology: 

Epiphora: Its Relation to the Anatomic Structures and Surgery of the Medial Canthal 
Region (President’s Address) 

Lester T. Jones, M.D. 

Differential Diagnosis and Management of Lesions Involving the Orbit 
Albert C. Furstenberg, M.D. 

Keratocanthoma of the Eyelid 
H. R. Crisman, M.D., and Leonard Christensen, M.D. 

Experimental Scleral Surgery of the Monkey 
Taylor Asbury, M.D., and Daniel G. Vaughan, M.D. 

Marcus Gunn Phenomenon Following Squint and Ptosis Surgery 
Derek G. Simpson, M.D. 

A Modification of the Friedenwald-Guyton Ptosis Operation 
J. W. Bettman, M.D. 

New Orthoptic Techniques 
Frances Fowler 

Miliary Retinal Aneurysms 
Robert L. Tour, M.D. 

Orbital Metastasis of Renal Carcinoma 
C. E. Van Arnam, M.D., and Max Fine, M.D. 

The Differential Diagnosis of Superficial Keratitis 
Phillips Thygeson, M.D., and Samuel J. Kimura, M.D 

Vascular Lesions Affecting the Visual Pathways 
Harold B. Alexander, M.D. 

Some Basic Considerations in the Management of Lid Injuries 
Milton Singer, M.D. 

Anesthesia for the Pediatric Patient 
J. D. Stringham, M.D. 


Encyclopedia medico-chirurgicale. Edited by E. Velter and G. Renard. 
Price, not given. Encyclopedia medico-chirurgicale, 18, Rue Seguier, Paris 6°, 
1956. 

These two massive tones on ophthalmology measure twelve by thirteen inches 
and contain a resume of all of ophthalmology in French by numerous French 
authors, collaborating with the editors, While the material they contain is well 
selected and beautifully illustrated, the size and weight of the books makes them 
so impractical as to be almost worthless. In addition, they are not bound, but 
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the loose pages are held in place by a spring mechanism which is not very secure. 
It is evident that the publication of advances in ophthalmology is intended, which 
can be slipped into the proper places for reference. The unwieldiness of these 
volumes makes them a vertitable white elephant in any library, since no ordinary 
shelves will accommodate them. 


Modern Problems of Ophthalmology. Edited by E. B. Streiff and J. Babel. 
Price, Fr. 60. Pp. 740, with 220 illustrations and 11 plates (4 in color). 
S. Karger A, G., Arnold Bécklinstrasse 25, Basel, 1957. 

This volume is presented in honor of Profes-or Franceschetti on the occasion 
of his 60th birthday, and consists of an excellent collection of papers from well- 
known authors all over the world. The contents are as follows: 

Introduction 

E. B. Streiff 
Ultrastructures 

C. A. Baud 
Cornea 

G. von Bahr; J. Babel 
Aqueous Humor, Capillary Circulation 

S. Duke-Elder; M. Amsler; A. Fritz 
Vitreous Body, Lens 

C. L. Schepens; J. Nordmann; H. K. Muller; O. Kleifeld; U. Dardenne ; 

R. Fuchs; O. Hockwin 
Gonioscopy, Glaucoma 

H. Goldmann; J. Bock; J. Stepanik; A. Busacea; G. Gordin; J. Malbran 
Vascularization of Optical Tract 

J. Francois; A. Neetens; J. M. Collette 
Physiology of Vision 

G. Wald; E. N. Willmer; F. A. Hamburger; A. Dubois-Poulsen; C. Magis; C. Berens 

Electrophysiology 
G. Schubert; H. E. Henkes; M. Monnier 
Bacteriology, Virology, Tuberculosis, BCG-Vaccination 
P. Thygeson; J. de Ruyter; A. C. Woods; S. R. Andersen; E. Frandsen 
Allergy, Collagen Disease 
P. Kallos; L. Kallos-Deffner; P. Danis 
Myopia 
R. Campos; M. Valerio 
Concomitant and Paralytic Strabismus, Nystagmus 
H. M. Burian; G. B. Bietti; R. H. Bock; H. Moutinho; R. Weekers; P. Daenen; 
P. Dieterle 
Retinal Detachment 
H. Arruga; L. Paufique; G. Maeder 
Keratoplasty 
R. Castroviejo; G. P. Sourdille 
Gerontology 
F. Rintelen; A. L. Vischer 
Genetics, Statistics 
S. L. Penrose; P. J. Waardenburg; A. Sorsby; L. van Bogaert; C. Begaux; G. Decock; 
P. Johr; S. Forni; D. Klein; M. Doret; V. Bischler; W. Jadassohn; N. Grasset; 
R. Brun; F. Bamatter; M. Lamy; A. Linder; P. Bonnet 
Pain 
A. M. Ostfeld; H. G. Wolff; B. Welt; M. Welt 
Casuistics 
H. Weve; H. M. Dekking; V. Schlaeppi; F. Marty; C. Balavoine 
Psychosomatics 
J. D. Blum; A. Audeoud-Naville 
Miscellaneous 
P. Baillairt; P. Bregeat; J. Mawas; N. Moura Brazil; J. Manev 
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Here is the common-sense answer to the 
psychological problems of the early presbyope.. . 


Every refractionist is faced from time to time with 
the early presbyope who views multifocal lenses 
as a sign of encroaching age. While not a 
physical problem, it is nevertheless an important 
psychological one, not at all limited to those 
who by virtue of profession (such as theatrical 
people), must not show their dependence 

upon presbyopic aids. 


After years of clinical research, laboratory 

experimentation and testing, a fool-proof form of 

invisible-segment lens has been perfected—the 
Younger Seamless Bifocal. 


The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

distance and reading curves. While this transition 
area, which varies in width with the reading 
power, has no therapeutic value, neither does it 
create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area... and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint #1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 

direct to any authorized Younger supply house. 


Main Street. + Los Angeles 15, Calif. 


*Mfg. Proc. Pat. Pending 
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Other 
Stora Representatives 


Tom Morgan, Los Angeles, Calif 


Fred Watson, Kansas City, Mo. 


Dick Lowrance, Atlanta, Ga. 


For the convenience of 


Visiting Surgeons and _—_—— 


Hospital Personnel 


Our NEW YORK 
SHOWROOM .: 


809 Lexington Avenue 


maintains a display of Storz instru- 
ments, including newly developed, but 
not yet catalogued items. Equipment is 
on hand for demonstration and com- 


parison, 


Gil Weatherly, anager 
Carl Gengo, Re presentative 


Correspondencia en Espanol, Italiano 


STORZ INSTRUMENT COMPANY, 4570 Audubon Avenue St. Lovis 10, Missouri 


DISEASE 


an indiscriminate 


killer, 


touching 


the young 


The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 
have your patients read: 


HEALTHY HEARTS 


A collection of Hygeia articles: The War Against Heart Dis- 
eases Still Rages, Hearts in the Breaking, Preventing Heart 
Attacks, Heart Diseases of Middle Life. 

20 pages, 20 cents 


STROKE 


In relation to overweight, hardening of the arteries, high blood 
pressure, blood clots, diabetes. 

by William W. Bolton 

8 pages, 15 cents 


HEART ATTACK 


Covering types of attacks, symptoms, relief and heart diseases. 
by Walter Modell 
12 pages, 15 cents 


A KITCHEN FOR THE “TAKE-IT-EASY" COOK 


Designed for the cardiac housewife, but the work-saving ideas 
can be applied in any kitchen. Illustrated 

by Anna May Wilson 

16 pages, 20 cents 


or old WRITE TO: 
BUREAU OF HEALTH EDUCATION 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN - CHICAGO 10 


a 


THE M-1 
STRONTIUM-90 
APPLICATOR 


For treatment of superficial corneal diseases 
by beta radiation 


Our booklet, “Radiation Therapy Sources,” offers 
valuable data on beta radiation treatment which will 
be of interest to you. It includes clinical data, indi- 
cations for treatment by irradiation, suggested dosage 
table, U. S. Atomic Energy Commission regulations, 


and a description of our improved M-1 Applicator. 


Write for it today. No obligation. 


a CO. 


330 South Honore Street 
Chicago 12, Illinois 
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Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 


MADE TO ORDER IN OUR OWN LABORATORY 
Doctors are invited to visit 


EYES ALSO FITTED FROM STOCK 
Plastic or Glass Selections Sent on Memorandum upon Request 
Implants and Plastic Conformers in Stock 


FRIED ano KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N, Y. 
near 53rd St. Tel. ELdorado 5-1970 


PREFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED | 
if 


SURGICAL INSTRUMENTS CO., INC. 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 


LONDON 


LEBENSOHN NEAR VISION TEST CHART 


(Revised 1947) 


The use of both sides of this substantial chart permits 
the presentation of a wide variety of tests that will be 
found useful in office or clinic. Basically a miniature 
Snellen chart, it gives precise reading acuity expressed 
as distance equivalent, decimal or visual efficiency. 


The newest edition has an accommodation or near test 
that is positive but simple to use; a duochrome test 
for near and a bead chain for fixing the working dis- 
tance at 35 cm. The chart has reading types in English 
and Spanish, with type sizes and Jaeger equivalents as 
well as a near test for illiterates. 


Two sides as illustrated, in plastic covered frame with 
hanger and measuring chain. 


Cat. No. B-4285 Price $7.50 


ESTABLISHED 1875 PARIS 


T Hide Your dis 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 
When a person has his picture taken wearing 
lasses, ever notice the reflections on the lenses ° FOOD ALLERGY 
‘hese are “ghost images.” MAY-O-LITE, a 


tions up to as much as 95 per cent, yet increases SKIN ALLERGY 
light transmission. 


The Best in Sight ASTHMA AND HAY FEVER 


Low Reflection Coating 


535 North Dearborn Street Chicago 10 


THE MENACE OF ALLERGIES 


| AMERICAN MEDICAL ASSOCIATION 
MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
Low Reflection Lens Coating, reduces reflec- 


Complete Your Professional Service By Adding by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
MAY-0O-LITE 
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now 
available... 


PREDNEFRIN * 


In new 

5-cc 
drop-top 

bottle! 


A PREDNISOLONE SUSPENSION with added 
advantages of Methylcellulose & Decongestant 


* SPECIALLY COMPOUNDED TO: 
Hasten absorption. 


Localize prednisolone in the ocular 
tissue. 


Treat allergic inflammatory lesions of 
the anterior segment. 


PREDNEFRIN is compounded in this mod- 
ern laboratory under strict quality control 
by Allergan — bright new star in the 
ethical pharmaceutical field, specializing 
in ophthalmic preparations — “pharma- 
ceuticals you can prescribe with con- 
fidence, everytime.” 


Allergan corp. 


Specialists in Ophthalmic Preparations 
749 So. Beacon Ave., Los Angeles 17, Calif. 


* Composition of Prednefrin: Prednisolone acetate, 
phenylephrine HC1, Methylcellulose in 0.12% concentrations. 
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Top-Grade Technical Performance 


. » » @ Safeguard for Your Professional Skills and 
Judgment. 


ees {Your prescriptions, conceived from your rich fund 
ITY. SERVICE of scientific knowledge laboriously developed 
co 3 through years of study, training and experience, 
skills and Be are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 31 years 


of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 


WESLEY-JESSON 


SPHERCON’ LENS 


In the field of contact lenses 


In very recent years, tremendous strides have been accom- 
plished in the development of contact lenses. In the course of 
this progress, their many uses have continued to expand, also. 

The use of SPHERCON LENSES for monocular and binocu- 
lar aphakic cases, alone, justify study in the fitting of contact 
lenses. Their many uses for cosmetic purposes cannot be 
overlooked. And, when properly utilized, keratoconus and 
irregular cornea cases are frequently helped by contact lenses. 

Other uses of contact lenses include: As a diagnostic aid; 
special activities such as sports, when spectacie lenses 
would be a handicap or dangerous; subnormal vision (when 
contact lenses are used as the objective in the optical combi- 
nation to create magnification); distorted and discolored eyes 
(cosmetic contact lenses). 

These are just a few of the many applications of contact 
lenses. 


Write for descriptive literature and instructional material 
on the fitting of Wes/ey-Jesson contact /enses. 
*Trademark 
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Seeing’s Believing... 


A patient seeing clearly and comfortably 
A doctor seeing a patient see as he should 
That's the proof of a good lens. 


So when we say that Kurova F fused flat top bifocals are good lenses, it’s 
only a way of saying that F’s interpret doctors’ prescriptions accurately and 
that people who wear them get a full measure of sight to the limit of their 
own visual capacities. 

The things that make Kurova F’s performance—proper design, choice 
materials, special manufacturing methods, constant care, a choice of base 
curves and a choice of segment sizes—are of significance only as they con- 
tribute to the end result. 

From seeing comes the believing in lens quality and it’s good seeing with 
Kurova F’s. 
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Her Best Friend 
Can't Tell 


Your patients gain confidence 
in their public life knowing that 
others won't notice the artificial 
eye. They avoid feelings of in 
feriority in their personal life 
when best friends can’t tell the 
difference. 

Let our 105 years’ experience 
help you perfectly match your 
patients’ eyes. Our experienced 
men visit most areas regularly 
to fit your patients, custom- 
make eyes to match, and offer 
you technical assistance on dif- 
ficult cases. Call or write our 
nearest office. 


Eyes custom made— 
gloss or plastic 
© Eyes from stock sent on 


Complete 
Artificial Eye 
Service 


Serving the Profession Since 185! 


Michigan Ave. E. St. 
Chicago 2, Illinois New York 22,.N. Y. 


CLEVELAND DETROIT HOUSTON (Soper Bros.) 
KANSAS CITY MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


DVORINE 


PSEUDO- 
ISOCHROMATIC 
PLATES” 


OFFER THESE 
EXCELLENT 
FEATURES 


A test for color lature, to disti 
* blind from the color ignorant. 


© A special section for testing very young children and 
illiterates. 


© The set contains 23 plates with eight different color 
combinations, for the identification of specific con- 
fusion colors. 


guish the color 


| *The Dvorine Color Vision Test is acceptable to the | 
Administrator of Civil Aeronautics as a “rest of | 
color vision in Civil Airmen. H 


Price of set $12.00 
Less 5%, if check accompanies order 
SCIENTIFIC PUBLISHING CO. 
Dept. A—2328 Eutaw Place 
Baltimore 17, Maryland 


URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package “Fresh 
Tissue Specimen—Rush.” 

A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 


Samvel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 


University of California School of Medicine 


San Francisco 22 


7 

3 same day order received 

—glass or plastic 

a ® Damaged or broken eyes 

accurately matched 

2 * Fitted to all types of 

motility implants 

© Implants, 

ee X-Ray therapy shields, 

foreign body locators 

Superior Quality— 

Finest Workmanship 

Mager and Gougelmac tne. 


For a quick, easy and acurate VISUAL FIELD testing 


@ BOWL made of transparent plastic. White screen painted 
on the inside ; meridians and parallels engraved on the outside. 
ilumination uniform and ajustable. 


A Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 


PRESIDENT RNO 


LYON 137 NORTH WABASH + CHICAGO 2, ILLINOIS 
FRANCE 
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Why? 


one 20/20 WITH TRIAL LENSES .. . and 


20/40 WITH FINISHED GLASSES *. 
VERTEX 


DISTANCE USE THE 


LENSCOROMETER 


+ AUSTIN BELGARD PRODUCT 
— When lens in the trial frame is twelve millimeters from the eyes, and the finished r 
_ glasses are eight millimeters away, the effective power of a +12.00 will be only . 


+ 11.37. 


To insure true translation of prescriptions, in corrections of 5 diopters or more (— ) 
or (+), use the Lenscorometer. 


AUSTIN BELGARD, INC. 


109-111 NORTH WABASH AVENUE, CHICAGO, ILLINOIS 
1139 CENTRAL—WILMETTE, ILLINOIS 


Instruments of ophthalmology: Costenbader Accommodometer 


Determining acuity, convergence, 
and punctum proximum of accommodation 
are done efficiently with the Accommo- 

E dometer. Held in one hand, it presents 

a variety of easily changeable symbols 

at close distances measured from the 

outer orbital rim. Acuity at one-third 
meter is determined by symbols graduated 


from 20/400 to 20/20, 


ACCOMODATIVE ESOTROPIA diagnosis and treatment finds the 


Accommodometer valuable for determining accurately the least hyperopic 
correction which will maintain good vision and good binocular alignment. 
Various techniques are described in literature we will be happy to send 


Catalog on request: 
518 Powell St. 
San Francisco, California 
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prevent 
work loss 
from 
eye infections 
and 

injuries 


SULAMYD 


Ophthalmic Solution 30% 


Repeatedly Proved Effective in Industrial Eye Injuries— 
Reports covering over 16,000 industrial eye injuries 
treated with Sodium SULAMyYD show no work loss in 96 
to 99 per cent of the cases.’* And in patients treated pro- 
phylactically after removal of ocular foreign bodies “no 
infection occurred in any case." 

Advantages of Sodium SULAMYD in Industrial Practice 
Wide Range — effective against all common eye pathogens. 
Prompt Absorption—Excellent penetration of ocular 
tissues. 

Well Tolerated—Notable absence of irritation or sensiti- 
zation. 

No Resistance — Minimal tendency to bacterial resistance 
despite extensive use. 

for severe infections: Sodium SULAMYD Ophthalmic Solu- 
tion 30%. 5 cc. and 15 cc. dropper bottles. 

for mild and moderate infections and prophylaxis: Sodi- 
um SULAMYD Ophthalmic Solution 10% with Methylcel- 
lulose 0.5% . 15 cc. dropper bottle. 


for nighttime use—for styes and lid infections: Sodium 
SULAMYD Ophthalmic Ointment 10%. “% oz. tube. 
References: (1) Dickson, R. M.: Brit. J. Phys. Med. 7:77, 1944. 
(2) Collier, E.: Brit. J. Phys. Med. 6:181, 1943. (3) Mayer, L. L.: 
A.M.A. Arch. Ophth. 39:232, 1948. 

Sodium SuLAMyp,® brand of Sulfacetamide Sodium U.S.P. 


SCHERING CORPORATION BLOOMFIELD, N. J 
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THE BRAWNER G-L 
A Medern Iuclusion Implant 


is the ideal implant for enucleation operations. 


It is designed to simplify the operation—Eliminate muscle isolation—Minimize 


the possibility of extrusion or migration—Shorten post-operative hospital time— 
AND— 

“Tt lets the patient decide” if he prefers a less-expensive conventional plastic reform 
eye with limited motility, or a Custom “Matching-back” prosthesis for adequate 
motility. 


information, including description, 
prices and operative technique, as sug- 
gested by Dr. Brawner, will be sent on 
request. 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 
by Samuel M, Feinberg, M.D., 6 pages, 10 cents 


Of interest to you 


SKIN ALLERGY 


and your patients 


by Samuel M, Feinberg, M.D., 6 pages, 10 cents 


THE MENACE OF ALLERGIES ASTHMA AND HAY FEVER 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 
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STABILIZED PILOCARPINE 


> IN SELF- SEALING 
SELF-DISINFECTING 


ACRIVIALS 


surgical quality 
consistently effective 
non-allergenic 


dated — your assurance of 
sterility 
stability / 2,9, 4% 
potency 


PIONEER SPECIALISTS IN BROOKLYN 17, N. Y. 
STERILE OPHTHALMIC SOLUTIONS MONTREAL — PANAMA 
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TELESCOPIC 
SPECTACLES 


TO YOUR 


By prescribing Spectel 
Telescopic Spectacles you may 
often be able to effect 
substantial improvement in many cases of low visual acuity. 


2.2% (with Coated Lenses) 


These successful aids to subnormal vision are available in two powers, 1.7X or 
2.2X. Fitting is accomplished without complicated equipment or procedures. 
Trial sets are moderate in price. 


Full details in Bulletin 302, available from your optical 


“EN supply house or direct from us. 
KOLLMORG 
CORPORATION 
NORTHAMPTON, MASSACHUSETTS 


Distributed in Canada by Imperial Optical Company 


The test of time proves that the 
“LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


Manufacturers of all types of Contact Lenses ® 


Branches in 
PHILADELPHIA « MONTREAL - JOHANNESBURG 


OFTEN HELPFUL 

\ in cases of 
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| 

4 


Incorporating the most advanced mech- 


anical features to provide the maximum range 


ol independent and co-ordinated movements, 
The Synoptiscope was the original instrument 
designed lor carrying out precision movements for 
Orthoptic training. 
THE MAIN FEATURES 
1 New wide field eve pieces and larger mirrors, brighter 
SYNOPI ISCOPE iNumimnation with high mtensity gas hiled bulbs. 2. Accurate 
measurement of horizontal ductions, vertical ductions and cyclo 
ductions under the stimulus of Stereoscopic vision or otherwise, 
3. Precise, controlled and unrestricted exercise of the ex 
by ternal ocular motor muscles, (This function is of especial value where 
the correcting lenyes are not readily accepted by the patiem, or where ut 
required to build up a duction reserve ). he Relaxation exerc ises. 
CURRY & PAX I ON 5. Treatment of squint, including: development of simultan 
eous macular preception ; development of fusion ; development 
ol stereoscopic vipion and fusional reserve ; co-ordination of 
hand and eye ; co-ordinating eye movements, 


866 WILLIS AVENUE, ALBERTSON siden tor the ator 
LONG ISLAND, N. Y. 


INCORPORATED 


Other Ophthalmic Instruments manufactured by 
Curry & Pasion of England include 


Telephone: PIONEER 6-0254 
Showrooms Service and Assembly Plant SLIT LAMPS + OPHTHALMOSCOPES * THE FOVEOSCOPE * STREAK 
RETINOSCOPES * MADDOX WING TEST * MADDOX HAND FRAME 

Manufacturers’ Representatives in the U.S.A DIPLOSCOPE + CHEIROSCOPE * TRIAL FRAMES * TRIAL CASES 
Registered Office: 230 Park Avenue New York 17, N. Y. ORTHOPTIC APPARATUS 
Telephone Lexington 2-7842 


DISTRIBUTORS: Chicago: House of Vision Los Angeles: Spratt Optical Superior Optical San Francisco : Parsons Laboratories Pittsburgh: Doig Optical 
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YOUR 


GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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Designed and made 
exclusively by 


MODERN OPTICS 


AN EASY-TO-GET-USED-TO LENS FOR ANY PRESBYOPE! 


1. Clinically researched arm’s-length field 
size: 13% more vertical field for average 
pupil-diameter than the usual 6mm... . less 
encroaching into distance use than a 7mm 
. . . widest horizontal arm’s-length field of any 
25mm flat-top seg. 


2. Zero jump from arm’s-length to reading. 


3. Akro seg glass for minimized chromatism, 
threshold-welded. 


4. Corrected curves, of course. 
5. Available in 50% and 70% additions 
for arm’s-length. 


Ask your quality supply house for the quality 
lenses made by... 


BOX 1417... HOUSTON, TEXAS 
4 a SAN FRANCISCO e CLEVELAND 
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CASE 
HISTORY 


CATA’ 


TEMPORARY CATARACT 


'T' 


BIFOCAL LENSES 


This second case history involving the use 
of CATAREX T temporary cataract bifocal 
lenses demonstrates that CATAREX T can 
be prescribed for and worn to advantage by the 
patient as early as ten days after cataract surgery. 


This advantage is, of course, immeasurably 
valuable in cases where the patient, by virtue 
of financial circumstances, must be back on the 
job as soon as possible. 


Catarex Service, when used in 
conjunction with CATAREX D permanent 
hifoeals, may prove to be useful in your 
practice ... why not check with your 
laboratory or optician? 
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Manufacturers of a complete line of quality multifocals 
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The entire magnet, 
with rectifier built in base, 


is mounted on ball bearing rubber casters 


Eye Magnet 


E-6677 Giant Type. The Special conical 
shaped coil used in this magnet pro- 
duces the highest magnetic field force, 
attractive power and penetration. An 
additional advantage of this conical 
design is the resulting external form 
which permits an unobstructed view of 

the surgical field. 


The magnet can be maneuvered to- 


ward the surgical field from any angle. speciFiCATIONS: 


Exact and minute movement of the Ball jump height (4mm steel ball), 110mm. 
magnet during the operation is accom- Penetration: at a distance of 30mm, F 60-70. 
Dimensions: Heights 6’, base diameter, 2’. 
Weight: 324 Ibs. 

Electrical Requirement: 220 Volts, 45 amp. Alter- 


plished by a precision hand wheel con- 
trol. $2600.00 


nating current. 


Storz Instrument Company 
4570 Audubon Avenue 
St. Louis, Missouri 


Oy 
> 
= 
: 
\ 
| | 
2 
| 


E. H. Titmus, Jr. 


A PROGRESS REPORT 


TITMUS OPTICAL COMPANY, INC, 


Although eyewear prescriptions increased more than 250% during the last decade, more than 


from 


E. HH. TITMUS, JR. 


President 


40% of the adult and school population are sub-standard in visual performance desirable for 
school and job achievement, according to reliable estimates. 

In this fact lies a challenge to the optical industry. As a manufacturer, Titmus Optical 
Company is meeting this challenge through a progressive development program in vision in- 
strumentation and techniques, new concepts in lens, frame and sun wear design. and marketing 
policies designed to best serve the practitioner and his patients. In this brief report | would 


Division of Applied 
Visual Science Formed 


This Division, headed by Dr. Richard Feinberg, is 
concerned with the development of ophthalmic 
instruments and their applications, and includes a 
Research and Information Department. It also 
encompasses a Department of Occupational Vision 
under R. A. Sherman, concerned with school, motor 
vehicle driver, and industrial vision. A new concept 
in vision instrumentation and techniques, now 
perfected by this Division, will be announced soon, 


T/O “Normalsite” Lens 
Minimizes Marginal Astigmatism 


The “Normalsite™ single vision lens, developed by 
Titmus, has introduced a new concept in lens design. 
The Titmus “Normalsite” lens minimizes marginal 
astigmatism, producing marginal images of equal 
sharpness at both near and far, and offering com- 
fortable vision over the entire visual range . 


"Professional Only” 
is T/O Marketing Policy 


Titmus Optical Company has taken a leading part 
in the industry’s effort to preserve conventional 
profession-patient relationships, and we invite others 
to join with us. To this end Titmus products are 
available only through professional optical channels. 


like to touch on some of these developments. 


Because of this Titmus policy the profession may 
provide ophthalmic materials and services meeting 
the most exacting standards of quality... without 
the stigma of market-place competition. 


Independent Supplier, 


“Golden Link to Complete Service”’ 


Only the independent supplier can provide the 
“cream” of the market from many manufacturers 
through one source. 

Early this year T/O initiated a program to drama- 
tize this basic service, symbolized by the “Golden 
Link” insignia reproduced at the bottom of this 
page. This program met with instant and enthusi- 
astic response from the profession and suppliers 
alike... another step in T/O's continuing effort to 
serve the best interests of the optical profession. 

In this brief report it has been possible only to touch 
on some of the steps we are taking here at Titmus 
Optical Company to meet the challenge of providing 
better eye care to the large segment of our popula- 
tion who need it...and some of the reasons we 
feel that. in this never-ending search for improved 
ophthalmic materials and techniques, “The best is 
yet to come. 


INDEPENDENT 


"The Golden Link to Complete Service” 
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